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Preface

Pilot workload has been a steadily increasing
problem in fighter aircraft as technology has allowed more
capable and more complicated systems to be integrated with
aircraft. Both of us have seen this problem in the F-4
where over the years systems were added to it which gave
it more capability and also increased the workload of the
crews. The question of how much workload is too much will
eventually have to be answered. This project was selected
by us because we felt that with our operational flying
experience combined with the analytical and simulation
methods plus the techniques which we gained from the Stra-
tegic and Tactical Science Course at AFIT we could develop
a basic method with which to begin to evaluate pilot work-
load.

We want to thank the personnel at the Wright
Patterson Cockpit Design Facility for allowing us to use
the A-10, LANTIRN, Cockpit Design Simulator to gather the
data for aircraft control movements without which this pro-
ject would not have been possible; We also want to thank
our advisor, Lieutenant Colonel Tom Clark, who guided us
during the course of the project. We express special thanks
to our wives and families for their love and patience with-

out which the past eighteen months would have been intoler-
able.
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Abstract

As new equipment is developed for fighter aircraft,
new mission profiles are often developed. One method of
evaluating the change in pilot workload associated with
this new equipment is the development of a man-machine
simulation that will allow workload comparisons. This
thesis undertakes the development and application of such
a model.

The model developed and used in this study is a time
seqpenced network of required tasks with priority servicing
by a single server. Monte Carlo techniques are used to
induce randomness into the profile to represent the vari-
ation between individual missions and pilot techniques. The
major parameters in the model are the flight control service
times, frequency of flight control task initiation, and the
frequency of defensive reaction task initiations. The model
incorporates twenty different tasks in a mission profile
simulating thirty minutes of night tactical low-level navi-
gation using an electro-optical device for visual naviga=-
tion and terrain following. |

The model was used to compare pilot workload at
1000, 500, and 250 feet above ground level (AGL) with three
levels of electronic countermeasures (ECM) service required

at each altitude. The result indicated that workload

"




decreased with altitude in a threat environment due to the
reduced number of defensive maneuvers required. ECM task
reduction did not have a significant effect on éilot work-
load.

Expansion of the modeled profile to include the
weapon employment phase was recommended. Alteration of the
model to incorporate mission success probabilities and
aircraft equations of state to determine minimum flight

control inputs were alsoc recommended.
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A SIMULATION TO ANALYZE PILOT WORKLOAD IN AN

ELECTRO-OPTICAL, NIGHT, LOW-LEVEL ENVIRONMENT

I. Introduction

Background

The united States Air Force, until now, has had no
low-level night attack capability with its primary attack
aircraft. The night capability has been limited to radar
navigation or dead reckoning to a target area at an alti-
tude above'all terrain along the route. Employment of
weapons has also been seriously degraded at night because
of visual restrictions. Equipment is presently being
developed that will enable a single crew member aircraft
such as the A-10 or F-16 to operate in the night low-level
arena. The equipment will provide a video presentation on
a Heads-Up-Display (HUD) of a sector of view in front of
the aircraft. The presentation is proposed to appear three-
dimensional and of high enough resolution to allow very
low altitude (250 feet) navigation and terrain avoidance
at night in clear weather or below clouds. The HUD will
present a sector scene with terrain features depicted in
the same location and of the same size as they would appear
if seen in the day through the windscreen. The equipment

has the potential of increasing the night operational




capability of single seat tactical aircraft. In conjunc-
tion with increasing the night capability of aircraft, tech-
nology has allowed electrical subsystems to be feduced in
size; this in turn has provided more room for equipment in
the aircraft which potentially increases pilot workload.
Pilot workload is becoming a concern to many agen-
cies (Ref 13) such as Air Force Studies and Analysis and

Aeronautical Systems Division/Equipment Engineering. The

R eTe T Y s T

need to evaluate a system's potential effect on workload
prior to the purchase of the system has become very impor-
tant, particularly in an agerf high cost systems and
] emphasis on reduced budgets.
Cufrently there are three main methods of evalu-

ating pilot workload for new systems and mission profiles:

(1) subjective opinion by experienced pilots voncerning the
workloéd, (2) use of weapon system simulators for workload
measurement, and (3) modification of existing weapon sys-
tems to perform as the proposed systems for testing by

pilots who are experts in ergonomics and cockpit design.

The first method is very subjective and tends to restrict \
innovative ideas. The second method is expensive because

it requires sophisticated simulators which are expensive to i
construct and modify. A point that is often overlooked is
that simulators lack the element of danger associated with {
actual flight. The simulated énvironment and lack of

danger could lead to testing ideas that would not have been

considered in actual flight tests. However, one negative

2
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result of buying a system which had only been tested in
the simulated environment would be to find that the system
was too dangerous for a pilot to operate in actual flight.
The third method, modifying existing systems, is the most
effective but also the most hazardous, expensive, and
time-consuming.

Man-machine simulation is a possible alternative
method of evaluation of pilot workload. Although it would
not be wise to purchase a system based solely on the results
of a workload simulation, the simulation model could be
very useful in identifying blind alleys, bottlenecks, and
theoretically potential areas or ideas. Many types of
human acti&ities have been modeled in the past but were
ﬁot successful because tco many factors and variables had
to be considered. Today, with better computers and pro-
gressively more sophisticated simulation languages such as
SAINT (Ref 9) and SLAM (Ref 8), man-machine simulations are
becoming more feasible. A simulation of a single pilot
flying a tactical low-level navigation mission at night
could be very beneficial in evaluating proposed night

attract systems.

Problem Statement

In the Night All Weather A-10 Flight Test Pilot

Report, two test pilots expressed their opinion of the
pilot workload in the night low-level environment (Ref 1).

As experts in flight test of new systems, they stated that

3
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workload at 1000 feet AGL (the altitude flown in the test)

was very high. They also stated that they felt workload at
lower altitudes would be beyond pilot capabilities. In
another portion of the report they expressed a need for a
threat management system for tactical missions to relieve
the pilot of the task of electronic countermeasures (ECM)
activities. A simulation of this mission at altitudes of
1000, 500 and 250 feet with varying ECM task levels could
be used to extend the analysis of pilot workload in this
potential flight regime. Although this thesis addiesses
the specific problem mentioned above, the underlying pur-
pose of the research study is to demonstrate a methodology

for man-machine simulation in the workload analysis field.

Scope
This thesis deals with modeling the physical

activities required of a pilot on a tactical low-level
navigatibn mission using a limited field of view video
Heads-Up Display (HUD). The modeled profile does not
include weapon employment or target acquisition. Although
it addresses the impact of stress due to enemy threat sys-
tems and altitude flown above ground level, the model does
not address the impact of the pilot's mistrust of the sys-
tem, the anticipated vertigo-inducing effects of the HUD
or external visual distractions, the discomfort/anxiety
associated with manual terrain following and maneuvering

using a reduced visual field or any equipment malfunctions.

4




Obijectives and Research Design

The objective of this study was to provide an
example of the utility of a pilot-aircraft simﬁlation model
to examine pilot workload. The specific objectives were to
develop a model thaf demonstrated feasible methodology for
collecting interval data on a pilot-aircraft system and to
demonstrate the use of that data in making workload com-
parisons.

The research design used in this study is shown in
Figure 1. The first three steps included defining the
problem and mapping this research design, defining the low-
level mission characteristics and the specific mission pro-
file, and forming the overall model concept and structure.
The model parameter determination and model computeriza-
tion was an iterative process as shown in Figure 1. Esti-~
mated parameters were refined after being used in the model
if their contribution was significant in the overall results.
The seventh step involved exercising the model in accord-
ance with the experimental design so data analysis could be
accomplished in the next step. After data were analyzed and
discussed, the research design terminated with the presenta-

tion of conclusions and recommendations.

Assumptions

The following assumptions were made for the pur-

pose of bounding this thesis to a manageable study.
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l. A pilot is a serial processor of assigned tasks.
These tasks may be interrupted and restarted many times but
parallel task processing is not possible.

2. Tasks are serviced or preempted on a priority
basis and the priority is always obeyed.

3. Some tasks must be performed prior to an event
taking place in the profile while other tasks may await
service for extended periods of time. Not all tasks are
critical to survival or accomplishment bf the mission.

4. The mission begins at a known, desired point
and the pilot and aircraft survive the threat posed by

enemy defensive systems through profile termination.

Overview

The remainder of this thesis is devoted to the
accomplishment of the objectives specified earlier.
Chapter II contains an explanation of the mission concept
and develops the model profile. The model and the model
parameters are described in Chapter III while Chapter IV
contains the development and collection of data used in
determining the flight control task parameters. Data
collection is covered in Chapter V. Data analysis and
resqlts are contained in Chapter VI. The final chapter
presents conclusions, recommendations and suggestions for

expanding the scope of pilot modeling.
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II. Mission Concept

A night, low-level navigation mission in a combat
environment is modeled in this thesis. The model specifi-
cally addresses the navigation portion of a combat profile
with no reference to takeoff, target acquisition, weapons
employment, or recovery. The mission begins at a start
point and proceeds for thirty minutes. Threat reactions
are treated; however, aircraft malfunction, mission abort,
or aircraft destruction are not allowed. On actual flights,

many different pilot techniques are used to accomplish

tasks which are necessary to obtain the highest probability
of survival and mission success in night low altitude navi-
gation. The tasks can be grouped into families based on
the task purpose, each family having a different level of

importance. This chapter is devoted to a general discus-

sion of the tactical low-level navigation mission and a
description of the specific mission modeled. A mission |
description is necessary to show how the similation was
built around the modeler's mission concept.

Tactical low-level navigation is accomplished by a
pilot in a single cockpit aircraft performing a sequential
set of activities or tasks. The procedural nature of the
mission lends itself to the design of cycles of time to

accomplish sequences of tasks which will most efficiently




use the pilot's limited time and provide cues for the pilot
to accomplish tasks that might be forgotten. The tasks
can be grouped into four main areas which are bésed on the
objectives of the tasks (see Figure 2). The tasks are
grouped by their relation to: (1) aircraft control, (2)

navigation, (3) monitoring and operation of aircraft sys-

| tems, and (4) tasks associated with recognizing and counter-
ing enemy threat systems. Aircraft control tasks are move-
ments of the flight controls, stick, throttle(s), and
rudder, which cause the aircraft to perform as desired by

" the pilot. They are important and must be accomplished
frequently in the low altitude environment to avoid hitting

the ground: A repeated failure to accomplish these tasks

over just a short period of time would result in the
destruction of the aircraft and loss i the pilot.

' The second group of tasks have to be performed if
the pilot wants to know where he is, where he is going, or
how to get to a desired location. BAairspeed, heading, time,

present location, predicted location, and distance to the

predicted location, all relate to information that must be
known by the pilot for him to successfully navigate the
aircraft. The tasks in this group are, in some cases, as h

simple as looking at a clock or instrument and interpreting

the information provided by the instrument. Other tasks

are more complicated and time-consuming. Some examples are
updating the inertial navigation system (INS), selecting

the desired coordinates on the INS of the point to which

9
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LOW LEVEL MISSION TASKING

AIRCRAFT
CONTROL

MONITORING
AND
SYSTEMS
OPERATION

THREAT
RECOGNITION

Fig. 2. Task Grouping

the pilot wants to fly, and map reading. All these tasks
relate to aids to navigation. Classical navigation, dead
reckoning (DR), will not be used as the primary means of
navigation in the tactical night low altitude environment.
DR requires that the pilot start at a known location and
fly a constant heading for a planned period of time to
arrive at a predicted location. The classical technique
of DR is not feasible for a night low-level mission in a
hostile environment. Optimum use of terrain features and
reactions to enemy threat systems will not allow a pilot

to maintain the constant heading or speed required for DR

Javigation. Electronic aids to navigation must therefore

be used to allow aircraft maneuvering and rerouting of the

10
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mission in the night low altitude environment. The time
required for a pilot to operate the electronic navigation
aids requires less effort for the increased capébilities
than classic DR navigation.

The third group of tasks is the systems operation
group. It is broad and in some cases the tasks might seem
to overlap the other groups, particularly navigational
tasks. Typical tasks in this group include switch changes
for fuel transfer and INS update. INS update overlaps the
navigation task group, but in this case it is treated as a
task required to insure that the INS system is operating
properly. An "OPS Check,"” which is a collection of tasks
performed ﬁo insure that an aircraft and its important
systems are operating properly, is also in this group.
Examples of items in an "OPS Check" are check:z of the
engine instruments, fuel state, malfunction telelite panel,
and the pilot life support systems. The tasks in group

three can be neglected for varying periods of time. How-

ever, the longer the period between checks the greater the

possibility of serious problems going undetected. These
problems could induce errors in navigation, allow fuel
starvation, or affect aircraft flight control systems.

The failure of a pilct to be aware of any potential problem
could lead to more serious problems which could eventually
cause the destruction of the aircraft and the death of the

pilot.




The fourth group deals with threat tasks. The
first three groups pertained to all léw level navigation
missions, the fourth relates to only tactical miésions in
a hostile environment. The tasks associated with this
group involve recognizing visual or electronic indications

of enemy threat systems and initiating defensive maneuvers

or selecting electronic or decoying methods to counter the
threat. The critical nature of each of these tasks varies
depending on the seriousness of the threat. Failing to
notice a need or failing to adequately accomplish a task

relating to a threat may have no impact, but would likely

et e e e i

result in the imminent loss of the aircraft and the pilot.

The above information is used as a base for the

concept of the modeled mission. The remainder of this

chapter deals with tihe specific profile modeled and the

rationale for including each task in the model.

The navigation mission modeled begins on the
friendly side of the Forward Edge of the Battle Area (FEBA)
and proceeds across and beyond the FEBA. The average mis-
sion has four turn points and five legs (path flown
between turn points), each leg being approximately seven
minutes long. During the mission the pilot processes

tasks from each of the four previously-mentioned groups.

- Tasks from the aircraft control group are those that the
pilot uses to maintain aircraft control. These are the
most important tasks in that they must be performed very

frequently or the aircraft will deviate too far from the

12




intended flight path which would result in the aircraft
striking the ground. The movements of the flight controls
by an experienced pilot are the direct result of the
pilot's perception of the cues on the HUD. The cues are
in two forms, the visual presentation of the terrain in
front of the aircraft and indicators which show the pilot

and aircraft's airspeed, attitude, altitude AGL, and navi-

gation information. The visual presentation shows a view
of the terrain in front of the aircraft in a section thirty
degrees wide and twenty degrees high. The depth of view
displays objectives between 3000 and 30,000 feet ahead of
the aircraft under ideal atmospheric conditions. In the
course of a mission the pilot must almost continuously
move the flight controls to guide the aircraft along the
intended three-dimensional path he wants it to follow.
Specific tasks contained in the mission concept of flight
control task group besides flight control movements are
turns required at the navigation points and defensive
maneuvers which are necessary at random points in the mis-
sion to counter enemy threats. At all turn points, flight
control movements are part of the tasks required to turn
the aircraft; however, they are not the same movements
used by the pilot in straight-line navigation between turn
points.

The same is true of defensive maneuvers. The pilot

uscs flight control inputs to control the aircraft but




again the inputs are not the same type used o control the
aircraft in straight-line navigation.

Navigation tasks relate to flight control tasks
in that without a knowledge of an intended course from the
present location the pilot would not know how to move the
flight controls to navigate the aircraft. Navigation
tasks are those tasks that must be accomplished by a pilot
to maintain, check, and update navigational aids such as
the INS, clock, airspeed indicator, and heading indicator.
Mission success and survival depends on precise navigation
to place the desired turnpoint or target within the limited
view of the video sensor. Should a target or turnpoint not
be within the field of view of the video system, the proba-
bility of mission success would be reduced, if not totally
negated. DR, the classical form of navigation, is not
included in the mission concept for the reasons previously
mentioned. Failure of the navigational aids is not
addressed in the mission concept beca'se it would not con-
tribute to the study of pilot workload on the mission.

This is based on the belief that a mission abort would
result from such equipment failures.

The aircraft systems monitoring and operating tasks
are accomplished on an as~-time-permits basis. These tasks
are accomplished by a pilot to insure the proper operation
of the aircraft and its subsystems. They are monitoring
tasks more than manipulating tasks. Monitoring fuel

remaining, observation electronic countermeasure (ECM)

14
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systems, and INS indications are examples of specific tasks
in this group. Crosschecks of the displayed HUD informa-
tion with cockpit instruments to confirm correct airspeed,
aircraft attitude, altitude AGL, heading, and navigation
information to the next turn point are key tasks which a
pilot uses to confirm the accuracy of and maintenance of
his confidence in the video and HUD system. OPS checks

are also required tasks in this group. Most pilots have a
sequence they use to accomplish all these tasks in an
on-going cyclic manner. They are usually initiated at
points in the mission where control of the aircraft is less
critical and the attention of the pilot can be safely
diverted f&r very short periods, sufficient for the pilot
to analyze what an instrument is indicating.

In the course of a combat mission, threats will be
present. The final group of tasks are those where the
pilot is involved in detecting, monitoring and reacting to
threat indications from the Radar Warning Receiver (RWR)
and visual threat sightings. They also include actions
taken to decoy the threat systems with chaff or flares
from countermeasures pods.

The tasks mentioned in this discussion are the only
type tasks to be modeled. Other tasks could easily be
included to adapt to profile changes or equipment modifi-
cations. These tasks, however, were considered to be an
accurate representation of tasks required on a low level
mission in a hostile environment. This judgement was based

15
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on a combined experience of the modelers with over 5000
flying hours in the tactical operation of F-4 and F-5
aircraft in three major tactical commands and 900 flying
hours of combat experience. The specific task service

times and frequency of task requirements are discussed

in Chapter III.
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III. The Model

Introduction

The thesis model is described in this chapter by
presenting the basic model concept, the mechanics of the
four segments of the model structure, the specific model
parameters and the validation and verification process used
to establish confidence in the model. Model flow charts,
network diagrams and a documented computer code listing
are contained in Appendices A and B. A new simulation
model was developed for this study because no existing
models addressed pilot workload in the low altitude environ-
ment.

The model is a time sequenced network simulation
employing SLAM (Simulation Language for Alternative Model-
ing) to model a single pilot flying a thirty-minute night
low-level mission in a tactical threat environment. The
model utilizes normal, exponential and discrete empirical
distributions to initiate the repetitive mission require-
ments for twenty different tasks and to determine the
required task service times. Task servicing is modeled
by utilizing queueing and priority servicing of the tasks
to determine required and completed service times in order
to measure pilot workload. Use of the model allows the

comparison of pilot workload based on service time for
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differing profiles and task servicing requiraments of dif-

fering equipment configurations.

Model Structure Segments

The network model structure can be divided into
four segments. These segments are task input, queueing,
service and data output. Each task enters the network via
an input distribution based on the task requirement fre-
quency in the actual system. The task proceeds to a queue
where it awaits service based on its assigned priority and
is serviced by a single server. The task is then routed
through an output routine to collect service time informa-
tion. This basic structure is followed by all modeled
tasks but the details of each segment of the model are much
more sophisticated than this simple trace implies. Each
of the four segments is discussed in detail below.

Task Inputs. Task initiation is.based on repli-

cating the actual task sequencing on a representative mis-
sion. This sequencing follows four types of initiation
loops (Figure 3). The sequencing loops are based on time
intervals, location, server availability and pilot per-
ception.

The first input loop represents tasks that must be
accomplished on a time interval basis. For example, a
navigation point search routine is required periodically
to confirm aircraft location. The model uses a normal

distribution with a user-defined mean and standard
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Fig. 3. Types of Task Initiation Loops

deviation to initiate tasks into the system so they may
arrive in the queue at an interval with some variability.

The second type of initiation loop is one based on
aircraft location. As was mentioned in Chapter II, low-
level procedures are often based on inherent cues in the
profile to "jog the memory" of the pilot. The tendency,
therefore, is to require a series of tasks to be initiated
when approaching or departing a planned turn point. A
typical example is checking the fuel status at each turn
point. Since navigation leg lengths are based on a desired
leg time, turn point initiated tasks are based on both

aircraft location and time intervals. Some tasks such as
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defensive reactions are based solely on zircraft location.
Location based inputs are initiated in the model by allow-
ing the release of one task to initiate another group of
tasks.

The third type task initiation loop is based on
tasks that require service during some time period but the
specific time of completion is unimportant. For example,
crosschecks of information between the HUD and cockpit
instruments can be accomplished at any time but they sho&ld
be accomplished at least once per navigation leg. This is
modeled by initiating the task requirement at the/beginning
of each navigation leg and allowing service anytime along
that leg wﬁich equates to an available time sequencing.

The task is performed when the server is not servicing
higher priority tasks. If the task is not accomplished by
the next turn point the new task is initiated but is sent
to a data collection routine rather than the service queue.
The collection routine provides an indication that the task
was not performed due to higher priority task servicing.

The last task input sequencing routine is based on
the pilot's perceived need for the task. 1In the case of
aircraft control tasks this is modeled by using one dis-
crete empirical distribution for the frequency of task
inputs and another for the length of service time. These
distributions are interrupted at each turn point by the
initiation of a task to turn the aircraft to a new naviga-

tion heading. Interruptions are also caused by defensive

20
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maneuvers initiated in the defensive reaction routine. The
model does not actually halt the flight control distribu-
tions but instead removes the aircraft control tasks that
entered the service queue while the turn or defensive
maneuver was being serviced. The removed tasks are dis-
carded because they are assumed to have been accomplished
as part of the flight control manipulations of the other
tasks.

All system inputs are based on distribution param-
eters that are discussed later. The assigning of a task
identification number, service time requirement, service
priority and a service time segmenting code is accomplished

in each input routine.

Task Queueing. The queueing system for this model
is required in order co simplify input routines and t§ allow
tasks to await service on a priority basis. The complete
queueing system encompasses three queues, each with a dif-
fering purpose (Figure 4). The first receives all non-
flight control tasks (regular tasks) and continuously
reranks them to maintain the highest priority in the first
position in the queue. This queue has an infinite capacity
and handles each task only one time and releases the task
into the service scheme. The second queue is an integral
part of the service scheme for regular tasks. This queue
has a capacity of one and may handle each specific task
many times. The third queue was used for tasks involving
flight control movements (critical tasks). This queue has
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Fig. 4. Queue and Service Diagram ]

an infinite capacity and a priority ranking system too,
but it also allows the tasks entering the system and pass-

ing through it a serviée preemption capability. The pre- q
emptive capability was necessary to model the entry into

service of critical tasks that require immediate service.

The service ramifications of the two different type queues
is discussed next.

Task Service. Task servicing involved a scheme

of using a single server to periform tasks as they were
released from the queues. The sequence of service for a
regular task began with its release from the first queue

(regular task queue). It then entered the service queue

22
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and awaited completion of the previous task. When that

task was completed the new task was serviced and released
to the output routine. This is an example of the least
complex sequence possible in the model service scheme.
More sophisticated sequence encompasses the multiple task
servicing and task preemption.

As was mentioned earlier, each task was assigned a
service time and a service segmentation code when it
entered the system. The segmentation code allowed tasks
to be marked for more than one service cycle by dividing
the required service time into equal user-specified seg-
ments. For example, a service time could be divided into
three parté. The task would then enter service, complete
one third of the required service time and return to the
service queue (Figure 4). When the ovher task in this
cycle completed its segment of service time the original
task would reenter service for the second third of its

total service time and then return to the service queue.

This would continue until every segment of the task service
was completed and the task would then proceed to the out-
put routine. This "multiple servicing" scheme models the
act of beginning one task and momentarily switching between
that task and another to accomplish both tasks apparently
simultaneously. The total service time for servicing both T?
tasks would still be the sum of the individual task service
times but the variance of task servicing delays would be i 1
reduced. This scheme is a good simulation of performing
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tasks that require an activity to initiate service and then
a waiting period prior to service completion.

The next level of complication in the service
scheme is the initiation of a critical task while a lower
priority task is in service. In this case the lower pri-
ority task in service is returned to the queue from which
it entered service and reranked in that queue with the
remaining service time noted for future service. When the
preempting task completes service the other tasks begin
service again. All preemptive tasks have a segmentation
code of one so they receive only one service period prior
to the data collection routine.

Thé final portion of the service scheme is the
modeling of the impact of stress on the server. This is
accomplished by using the Monte Carlo technique to deter-
mine if the task was correctly serviced. A random number
is compared to a stress factor parameter and if the random
number is gr=ater than the stress factor the task is sent
to the appropriate queue to be reaccomplished (Figure 5).
Since the incorrect accomplishment of a flight control task
creates an additional error in the aircraft position,
these tasks were reinitiated twice to model correcting
the error and then accomplishing the original task. The
stress factor parameter is a variable that decreases as the
stress of the mission increases. The amount of decrease
is based on the number of ECM tasks required in the last
two minutes, the service of a defensive maneuver in the
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last ten minutes and the success or failure of the last
navigation search routine (this success or failure is also
based on a Monte Carlo routine). The no-stress situation
value for the stress parameters is .97 (Ref 11:15). The
amount of parameter decrease for each factor is shown in
Table I. The table values are based on the expert opinion
of the modelers.

Model Data Collection and OQutput. The collection

of data pertinent to this study was accomplished in con-

junction with the queueing system and the service scheme.
i As a task entered the gqueueing system its required service
time was collected. This service time was then added to
the sum of the previous times for that task and to the sum

of the total tasking time. When a task completed service
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TABLE I

STRESS PARAMETFR DECREASE BY FACTOR

b Amount of
l Factor . Decrease Comment !
] Defensive Maneuver .03 Doubles No Stress

Error Rate
' Unsuccessful Navigation Doubles No Stress
‘ Point Search .03 Error Rate

ECM Tasking .0001X
(ECM Time)*

*ECM time = total of ECM task service time over the
last 120 seconds.

(each segment of service for segmented tasks), the com-
pleted serQice time was added to the total time of com-
pleted tasks of that time and to the total serviced tank
time. At the end of each simulation run this data was
recorded to allow future data evaluation.

The output of the total times for each task allowed
the comparison of time required to time accomplished by
task. This comparison identified incomplete service by
task. The output of the aggregated times allowed a com-
parison of overall required service time to overall accom-
plished time. This provided total workload data for com-
parative analysis between user-selected mission profiles

or equipment configurations. The specific techniques used

to make the comparative analysis are explained in Chapter V.
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SLAM summary reports at the end of esach simulation
run also provided useful output data. This summary con-
tained the percentage utilization of the server, the number
of times each task was sent to the gueueing system and the
total number of tasks that were released from service. é
These numbers were used in the verification of the model.

A sample output listing is contained in Appendix B.

Specific Model Parameters

The task parameters used in the model are the
l . result of examining the task, performing a literature

search to estimate reasonable parameters and then using

those parameters in the model. The impact of those param-

eters on the complete simulation was then evaluated and a
sensitivity analysis was performed to determine the sig-
nificance of the parameters. If the service of a task
contributed more than 10 percent to the total service time
it was cdnsidered significant. These tasks were then
evaluated in more detail to determine the most accurate

parameters possible. This process of parameter selection

saved time by not wasting effort on noncritical parameter

investigation and enhanced the value of the model by

ensuring the accuracy of critical parameters,

The critical tasks identified in the process men-
tioned above for this model are the aircraft control task
frequencies and sarvice times and the threat reaction input

parameters. The service times for the ECM tasks and the
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defensive maneuvers are significant, but are more easily
defined than the aircraft control parameters. All task
parameters are presented in the latter portion of this
chapter with short discussions of all parameters except
two types. A more extensive discussion of defensive
reaction input parameters is presented at the end of this
chapter, while flight control parameters are discussed in
Chapter IV,

Task Priority Selection. All task service priori-

ties are based on criticality of the task as it relates to
the mission. Tasks that relate to aircraft control and
mission survival are ranked highest, while activities asso-
ciated with noncritical tasks like collecting information
from an alternate source are ranked the lowest. Scme tasks
have the same priority for service but are pr<eemptive
because their immediate service is critical. For example,
the ECM task priority is seven as is aircraft control, but
an aircraft control task will preempt an ECM task. Air-
craft control is a more urgent task because it involves a
more immediate threat to life. The more critical ECM tasks
that relate to immediate survival enter the system as
defensive maneuvers. Defensive maneuvers include aircraft
control and are therefore the highest priority task in the
system and they are preemptive. The remainder of the sys-
tem tasks are based on urgency and criticality and are

listed in Table II.
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TABLE Il

TASK PRIORITY AND SERVICE SUMMARY

Priority Standard
{Preemptive Mean Deviation

Task Y/N) (sec) (sec)
Defensive Maneuver 9(Y) 30.0 5.00
Turn to New Heading 8(Y) 18.0 9.00
Aircraft Control* (250) 7(Y) 1.426 1.289
(500) 7(Y) 1.612 1.629

{1000) 7(Y) 1.509 1.414

ECM** (Interpret RWR) 7(N) .6 .20
(+ Dispense Decoy Material) 7(N) 1.7 .96

(+ Pod Setting Change) 7(N) 4.2 1.05
Change IFF 7 (N) 6.6 .76
Fence Check 5(N) 20.5 7.50
Navigation Point Search 4 (N) 6.0 1.50
Check INS 4 (N) 3.0 .50
Check Next Heading 4 (N) 1.8 .60
Change Fuel Switch 4 (N) 1.1 .76
Update INS 3(N) 10.0 2.00
Turn Point Review 3(N) 6.0 1.50
Ops Check 3(N) 3.0 .50
Check Clock 3(N) .6 .20
Crosscheck Heading/Course 3(N) 1.8 .60
Crosscheck Altitude 3(N) 1.8 .60
Crosscheck Speed 2(N) 1.8 .60
Check Fuel Status 2(N) .6 .20
Crosscheck Compass System 1(N) 1.8 .60
Crosscheck Nav Leg Distance 1(N) .6 .20

*The aircraft control mean

vary with altitude.

**Phe ECM task service time

threat.
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Task Parameter Selection. Due to the nature of the

service times for the tasks and the procedural repetition
of tasks, the normal distribution was used to ihput vary-
ing parameters into the model. Specific task and initia-
tion parameter selection is addressed below. All param-
eters are listed in units of seconds.

1. Navigation Leg Length

U = 420

g =90

The desired leg length of seven ﬁinutes is
based on the drift rate of the INS used in tests during
Project Quick Look (Ref 1). This leg length is based on
updating the INS at each turn point to maintain the
required accuracy for the mission. The standard deviation
specified allows for the variability of the distance
between good navigation update points.

2. Navigation Search Repetition

H = 240
= 15

3. Crosschecks of HUD Displays With Cockpit
Instruments for Altitude, Speed and Heading

u=1.8

c = .6

These tasks require reading and interpreting
the HUD and an instrument to confirm the HUD information.
Parameters are based on the typical instrument interpreta-

tion times (Ref 11:15).
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4, Crosschec . cf INS Displayed H=2ading With
Navigation Chart

B =1.8

g = .6

This task involves interpreting the HUD display
or the course bearing pointer and comparing it to a printed
symbol on a chart. The task is similar to other cross-~
check activities.

5. Navigation Point Search and Turn Point Review

H =26

g =1.5

These tasks involve the use of navigation aids
to confirm -the aircraft position along the route. The vari-
ability is based on the range of difficulty of identifying
some navigation cues.

6. Change IFF Setting

u==6.6

o= .76

This task involves the manipulation of as many
as six toggle type switches on an IFF control head. The
variability is based on the number of switches that would
require manipulation.

7. Check Clock, Navigation Leg Distance and
Fuel State

u=o6

o= .2

t
{
!
)

These parameters are based on reading and

* interpreting an instrument or recorded symbol (Ref 11:15).
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8. Crosscheck of Heading System Witnh Magnetic
Standby Compass

u=1.8

o= .6

This task confirms proper operation of aircraft

compass systems with a standby magnetic compass. The cross-
check is similar to crosschecks discussed earlier.
9. Update INS
y = 10
o= 2

This task involves selecting predetermined

geographic coordinates in the INS control head and initia-

tion of a system update. The task time variability is

based on the variation in INS error at each turn point.

10. Check INS Accuracy Between Updates

=3

o= .5

This task involves estimating INS accuracy
from navigation cues along the route when not approaching
a turn point. The variability is based on the variation

of INS error between check points.

11. Fuel Switch Manipulation

u=1.1
c= .76
This task involves a one time switch change

for fuel sequencing such as external fuel tank deselection.
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The parameters are based on typical toggle switch manipula-
tion (Ref 10:15).

12. Fence Check

20.5

u

o] 7.52

This task is accomplished prior to FEBA pene-
tration. The task includes preparing all defensive equip-
ment for use and turning off all unnecessary emitting equip-
ment to reduce passive detection by the enemy. The
complete task requires the setting of two rotary switches
and three toggle switches. The parameters are based on
summing typical service times and standard deviations

(Ref 11:15).

13. Systems Operation Check (Ops Check)

w=3

= .5

This task invo.ves the checking of aircraft
support systems, engine instruments and the malfunction
telelite panel. The variability is based on the number of
items in the check.

14. Aircraft Control Inputs and Service Times

Between Inputs 250/500/1000 Feet Service Time

1.631/1.746/1.514 1.509/1.612/1.462

u

1.692/1.716/1.490

o 1.414/1.629/1.289
These are the sample parameters determined from
empirical data. The process is fully explained in Chapter

Iv.




15. Turning to New Heading at Turn Foints

H = 18

g = 9

This task includes all aircraft control inputs
while turning to a new navigation heading. The aircraft
is assumed to use 45° of bank and turn at 2.5 degrees per
second. The variability is based on turn of 0 to 90 degrees
in 98 percent of all turns.

l6. Defensive Maneuver

u = 30

g = 5

This task involves maneuvering the aircraft to
avoid an iﬁmediate threat and returning the aircraft to the
desired navigation course. The maneuver length varies

with threat type and terrain.

17. Electronic Countermeasures Task Service Time

U o

.6% . 2%
1.7%* L96%*
4, 2%%% 1.05%%*

Three service times were required to accurately
model ECM service. Each service time representé response
to a different level of threat.

* RWR scope interpretation only.

** RWR scope interpretation and dispensing
decoy material.

*** RWR scope interpretation, decoy material
dispensing and ECM pod control panel switch
changes.
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Defensive Reaction Task Initiaticn Parameters. The

defensive reaction tasks include ECM reactions and defen-
sive maneuvers. The service times of these tasks are rela-
tively straightforward because they involve easily definable
activities., ECM task service is based on recognizing and
interpreting a threat indication on a radar warning
receiver (RWR) and selecting the action required to counter
the threat. These reactions include merely noting the
threat presence, the changing of a setting on an electronic
countermeasure pod control panel, the dispensing of decoy
material or any combination of the above to confuse the

threat system. The defensive maneuver task is initiated by

the same recognition and interpretation procedure or some
external visual threat sighting. This task involves maneu-
vering the aircraft to avoid a projectile or evade the
radar ﬁracking system by terrain masking. Task service
includes the time associated with returning to a desired
navigation heading and altitude after defensive maneuver

completion.

Service times for each defensive reaction task
did not vary between mission profiles in the thesis. Tﬁe
frequency of tasking did vary between profiles. Defensive
reaction task initiation was based on associating a threat
rate with each leg of the mission. That is, each leqg had
a unique distribution for threat reactions. The threat
rate was based on the first two mission legs being in
friendly territory and the remaining legs in enemy territory.
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The third leg of the mission included the FEBA penetration
(see Figure 6). The same defensive reaction input dis-
tribution was used for respective legs of each érofile
except for the third leg. Defensive reaction input reduc-
tion with lower altitudes was modeled by not allowing all

initiated tasks to reach the queue. The ratio of queued

tasks to those initiated was developed by determining the

ratios of threat reactions required at different altitudes

using the threat array discussed below. A Monte Carlo

L technique using this ratio was then used to determine which

tasks proceeded to the queue. ;

A defensive task initiation rate was also based

on the results of a threat array investigation. The inves-~
tigation used a model and array developed by Leek and
Schmitt (Ref 4) for a course project in an advanced simu-

lation course at the Air Force Institute of Technology. i

The array was developed from unclassified sources and was
used to model the penetration of a Soviet Army on the For-
ward Edge of the Battle Area (FEBA) by a single aircraft.
Figure 7 shows the threat array and flight corridor used

to draw data. The model output gave the probability of

kill (Pk)tafa single aircraft for each weapon site in the
array. These Pk's were based on radar detection and track-

ing equations using a representative aircraft cross-section

and representative threat system capabilities.

:
1
/
I

The threat model was run twenty times for each of

three altitudes to build a reasonable data base of Pk's.
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The resulting Pk's were then examined to determine initia-

tion rates of each type ECM task. If a threat P, was

k
greater than .01, it was accepted as an input into the
system. This level of threat required an interpretation

of the RWR scope as a minimum task. A Pk greater than .1
but less than .2 was assigned the task of dispensing decoy
material and normal ECM pod operation (no pod control panel
manipulation required) to confuse the threat radar system.

P, 's greater than or equal to .2 but less than .3 required

k
dispensing decoy material and changing the ECM pod setting.

Defensive maneuvers were required for all P, 's gLeater than

k
or equal to .3. The selection of .01, .1, .2 and .3 as
task change points was a subjective decision based on the
authors' operational experience in the ECM environment.

A summary of the raw data from the threat array investiga- |

tion is contained in Appendix D.

The time between threat reaction tasks and the

number of tasks initiated was develored by examining the

threat range limited by the aircraft altitude and the
threat location in the FEBA array. The rate of encounter-
ing each threat system was determined by using a profile

view of the FEBA array that depicted the threat locations

and the system ranges (adjusted for aircraft altitude).
The leading edge of each threat envelope was then marked
and the distance between each leading edge was determined.
Figure 8 shows a basic representation of this process for

an aircraft at 1000 feet AGL. These distances were then
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transformed into time based on an aircraft speed of 360
knots. The resulting times were used to fit an exponential
distribution for each altitude profila. The duration of

the FEBA threat exposure (Xt in Figure 8) was deter-

otal
mined by using the same figure to determine the time
between entry into the first threat envelope and exit of
the last envelope. This duration was used in the network
model to terminate the high threat level associated with
the FEBA. Table III is a summary of the input rates, dura-
tions and expected numbers of threats requiring inputs in

the FEBA. An exponential distribution, with the parameters

in Table III was used to input defensive reaction tasks.
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TABLE III

FEBA THREAT INPUT PARAMETERS

Altitude Duration Expected
(Feet AGL) Input Rate (sec) Number *
1000 x = 20; s = 20 210 10.5
500 X = 20; s = 20 180 9.0
250 X =12; s = 12 90 7.5

*These expected numbers are the initiated tasks,
not the gueued tasks. Queued tasks at 500 feet = .68 x
9.0 = 6.32. Queued tasks at 250 feet = .33 x 7.5 = 2.5.
The shorter mean at 250 feet seemed unusual upon
first examination, but further study indicated that it was
reasonable. This was most easily shown by using a set of
two diagrams of two different threat systems at each of
ﬂf two locations. Figure 9 graphically shows the effects of
2 reduced threat range at lower altitudes. As Figure 9

shows, the mean time between threat envelope encounters

¢ was smaller at the lower altitude.

Model Computerization

The simulation language SLAM was used to computer-

ize the model because it offered inherent network simula-

- e e

tion structure and time sequencing of events. The SLAM

'S

language also allowed the use of subroutines written in
FORTRAN for discrete event simulations and selection of
output parameters and formats to suit the needs of the

study. Although the continuous capability of SLAM was not

[
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Range reduced
by lowering
aircraft
altitude

Fig. 9. Comparison of Threat Encounter Rates
for Two Different Altitudes
used in this study the growth potential it provides for
the model and this study are very desirable.
The network diagrams for the model and the flow
charts for the subroutines are presented in Appendix A.
The SLAM program coding is listed in Appendix B. Code
documentation and explanations of coding steps are con-
tained in the SLAM listing through the use of comment

statements.

Model Validation

Model validation is the process of demonstrating

that the model results duplicate the actual system results.
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Since this model was designed to produce interval data
for comparative purposes, validation was not a critical
factor in this study. Validation methods that could be
used are addressed next.

Direct physical validation of this model is impos-

sible because the instrumentation required to document the

real system could not be placed in a single cockpit air-
craft. A less detailed validation could be accomplished
by closely observing a pilot in a sophisticated simulator.
The simulator mission could be patterned after a particular
run of the model with the same leg lengths and threat
inputs in order to give a comparable profile. The model

results could then be compared with the simulator results.

This less detailed validation would still be limited by

the lack of risk associated with simulators and the lack

of mission realism. Current tactical aircraft simulators
lack the sophistication necessary to accomplish this valida-
tion. Face validity of the model is possible by examining
_the model output. The output is reasonable in the opinion
of three tactical aviation pilots who examined the model

results (Ref 3).

Model Verification

Model verification is the process of demonstrating
that the model mechanically performs as designed. The

process is necessary to establish confidence in the model
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results. Verification is especially important in this
study since validation was not possible.

Model verification was accomplished in four steps.
The first step involved the confirmation that the distribu-
tions used in the simulation provided the desired input
data (Appendix C). The second step was tracing the opera-
tion of the model through one complete run to confirm
proper mechanical operation of the model. The next step
involved checking the model operation when limiting param-
eters were used as inputs. One run was made with all
service times set equal to zero to confirm the resulting
service time would be zero and no tasks would fail to be
accomplished. A second run with all service times set at

the mission length confirmed that no tasks were completed

and the server was always occupied. Partial runs were also

accomplished with parameters that allowed the confirmation
of the stress scheme and the preempt capability of the
model. The final verification step was the inclusion of
checks in each run of the model that indicated which tasks
if any were not being accomplished. This final step
insured accurate data collection for each profile of the

model.

The purpose of this chapter was to describe the

model and the model parameters so a reader could establish

confidence in the resulting data. This chapter should also

provide a background for further studies in this area. The
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next chapter contains a description of the flight control

parameter development process.




IV. Flight Control Movements

For this study the assumption was made that flight
control movements were an integral part of pilot workload
for a low-level navigation mission. Little research has
been done on the subject. The lack of research on the tech-
nique of measuring pilot workload by interpreting flight
control movements was, in part, due to ﬁhe complexness of
such an undertaking. A data»base which would describe the
expected frequency of movement of the flight controls for
a given aircraft in every flight condition over all ranges
éf the aircraft's flight envelope would be an unnecessary
if not an impossible task. However, for specified flight
conditions, knowing the flight control movements required
by an average pilot to fly a particular type aircraft over
given terrain at specific altitudes would serve as a base
from which to begin to measure pilot workload in a speci-
fied environment.

Basic control of an aircraft is accomplished by a
pilot through manipulation of the primary aircraft controls;
the stick, throttles, and rudder. All movements of an air-
craft desired by a pilot are controlled by movements or
combinations of movements of these controls. A data base
which captures the distributions of periods of control

movement and non-movement for an average pilot over a
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defined course in a specific aircraft would provide a foun-
dation from which to study pilot workload from the viewpoint
of pilot tasks.

No data base of flight control movements in the
night low altitude environment existed in the form which
was required for the technique of modeling proposed in this
thesis. The A-10, LANTIRN simulator at the Wright-Patterson
AFB Crew Station Design facility provided a source from
which to gather the necessary data. With it, a data base
was established which did describe the frequency of control
movements and non-movements in a simulated electro-optical
night environment.

Thé objective of the experiment was to obtain data
from which frequency of flight control movements and non-
movements could be developed. Four pilots were selected to
fly the simulator. However, due to a malfunction in the
data collection mechanism, data from the flights of the
fourth pilot could not be used. The pilots had a fighter
background with the experience shown in Table IV. They all
had experience flying in the low-altitude environment.
Although the pilots had previously flown the A-10 cockpit
design simulator, none Lad done any actual flying for one
year prior to the experiment. Prior to gathering data,
each pilot was given 30 to 45 minutes to practice. At
the end of the practice period all felt very comfortable
controlling the simulator. The data was gathered while

flying a route not flown during the practice session which
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TABLE IV

PILOT EXPERIENCE

- F-4 T-38
Pilot A 2100 hrs 125 brs
. F-4 F-5 T-38
Pilot B 725 hrs "1250 hrs 1250 hrs
- EC-47 _ F-100 _ A-D __ ov-l0
Pilot C 950 hrs 550 hrs 1100 hrs 400 hrs

consisted of combinations of flat and hilly terrain. The
maximum tops of the hills were approximately 3000 feet
above the surrounding terrain. The route contained five
legs and four turn points (Figure 10). The lengths of the
legs were 14, 12, 6, 7, and 27 nautical miles respectively.
All turns were to the left and were 34°, 22°, 102°, and 62°
respectively. The pilots maintained a constant power
setting (full throttle) and the airspeed was allowed to
vary between 350 and 450 knots depending on the rise and
fall of the terrain. Power was kept constant and the air-
speed was allowed to vary because time between turn points
was not critical. In the actual combat environment pilots
would be navigating with an inertial navigation system and
following the directions it provided. Therefore, precise
timing on the route was not necessary.

The simulator was equipped with a HUD similar to
that which will be used on LANTRIN-equipped aircraft. A

test pilot who had flown the simulator and aircraft
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modified with forward looking infra-red (FLIR) displays,
was guoted by the crew station design personnel as having
said, "The visual presentation of the simulator.closely
approximated the real FLIR presentation."

The terrain forward of the aircraft was presented
on the HUD. Cues were also presented on the HUD which indi-~
cated altitude above the terrain, airspeed, heading, and
the pitch changes which were required to maintain the
desired altitude above the terrain. Because the objective
of the experiment was to determine the flight control move-
ments necessary to fly the specified course, no extraneous
tasks were presented to the pilots. The only mission each
had was to'fly the simulator by following the visual picture
of the terrain and the cues presented to him on the HUD.

The data gathering runs were made while the pilots
flew the course first at 1000 feet followed by 500 feet
and 250 feet. Each mission required approximately ten
minutes to complete. During each run, data was gathered at
tenth of a second intervals. The data gathered were:

(1) stick position in pitch and bank, (2) throttle position,
(3) rudder position, (4) trim button position, (5) latitude
and longitude, (6} altitude mean sea level, (7) altitude
above the terrain, and (8) airspeed. All data was recorded
on tape in a form compatible with a Control Data Corporation

CDC 6600 computer.
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Analysis

All data was reviewed for completeness by examining
plots of runs and reading cross-sections of printouts of
recorded data prior tc analyzing it. In the analysis it
was found that rudder and throttle movements were insigni-
ficant inputs in the control of the aircraft in this experi-
ment. All pilots stated that throttles and the rudder were
not moved. This was confirmed by observation of a cross-
section of printouts from the data. Neither of these
facts was a surprise; throttles were not moved because a
constant power setting was bfiefed prior to the mission
and rudders were not.used because the type of maneuvering
exhibited in the experiment did not require rudder coordina-
tion. The trim control was used very little; an average
of eight to ten times based on the observed runs. The
controi inputs required to fly the aircraft on the speci-
fied profiles did not.require an extensive number of trim
control inputs. Trim control as an input to workload for
this thesis was dropped from consideration for two reasons;
it was used very little during the flights and trim was
normally used in conjunction with control stick movements.
Therefore, only the pitch and bank control movements were
analyzed.

The definition of stick movement for this thesis
was: a control stick movement forward or aft, left or right
or any combination of forward or aft, and left or right
movements. Stick position was recorded as a voltage.
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Forward and aft movements were defined between +6.0 voltis

r and -6.0 volts with + indicating the aft stick position.

' Left and right movements were indicated by voltages

E between +3.25 volts and -3.25 volts; + indicated a right

{ movement of the stick. The position of the control stick
was defined by voltages measured to .01 volts; however,
noise in the system was .02 volts.

It was necessary to define movement in terms of
the voltages so that a FORTRAN program (Appendix E) could
be written and used to extract the data which described
the movement and non-movement periods. Because noise was %
present in the system movement of the stick could not be

. accurately detected by looking for differences in each con-

secutive voltage. The noise gave erronecus indications of

movement and biased the periods of movement and non-
movement. To dampen the noise in the system, movement was
determined by a stick position voltage being outside a base
position. The base position was an interval of .04 volts
in pitch and bank that defined where the stick position
had to be if no movement of the control stick was to be
recorded. A new base position was set each time each of the
. voltages over a period of six tenths of a second was less
than the average of the six voltages *.02 volts. The pro-
gram individually checked the pitch and bank positions at
each time period of one tenth second to determine if the
stick was moving in pitch or bank. As an example, if the

time was T prior to checking the control stick bank

(now)’
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position voltage, the program looked forward six tenths of

a second and averaged the voltages.

v =1 1y
ave 6 i=l [Tnow+i]
where
Tnow = Time now;
V = Voltage; and
Vave = Averadge Voltage.

If any of the voltage in the six tenth second interval was
greater than Vave +.02 volts, the base was not reset. If
all the voltages within the interval were within the inter-
val of Vave $.02 the base was reset to the new interval.

V( ) was then compared to the base interval, if it was

witﬁ?: the base interval the stick was not moving; if it
was not within the interval the stick was moving. As men-
tioned earlier, if either the pitch or bank was moving the
time period was classified as moving. Figure 11 shows two
hypothetical base positions within the total movement area
of the stick (not drawn to scale). It depicts more vividly
the position the stick must be in for there to be no indica-
tions of movement; both pitch and bank voltages must be
within the intervals which define the base "Box;" if either
is outside the box the program senses a movement.

The interval of six tenths of a second was chosen

as the period for establishing a new base because any time
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period less than that could mask a movement of the stick in
noise; a smooth stick movement over a five tenth of a
second time period could go from -.02 volts, through -.01,
00, +.01 to +.02 volts. The average of the five would be

0 and all voltages would be within the *.02 volt interval.
When the interval was extended to six tenths of a second
the movement would either start from a position outside

the interval or end in a position outside the interval and
would not be classified as a movement.

As the program stepped through each time period it
recorded the movements and non-movement periods. If a
change was detected and confirmed the period of time of
the condition prior to the change was recorded and a new
interval was started. The program must have seen a trend
of at least 3 tenths of a second before a change was
recorded. If a trend for a change from movement to non-
movement was noted and on the third sequential period the
voltage indicated movement, the previous 2 tenths of a
second period of non-movement was classified as noise and
simply treated as a period of movement.

Any period of change less than three tenths of a
second was treated as noise for two reasons: (1) no normal
control movement or non-movement of two tenths of a second
would have an effect on the movement of the aircraft,
and (2) noise would cause frequent one and two tenths of
a second excursions which would bias the distributions.
The program was designed to sense the pulsing type stick
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movements that are encountered in this c¢nvironment. Smooth
movements such as the type a pilot would use in instrument
flying would tend to be dampened. An example of this
dampening is shown in the verification run (Appendix F).

Verification of the program was conducted with two
lists of numbers, one for the pitch and one for the bank
distribution direction (Appendix F). Each of the lists
was voltages which defined known stick movements and rest
periods for pitch and bank. The program was modified with
print statements to track the course of the numbers in the
program as each was tested. All changes of the pitch and
bank bases were also tracked. Thc program detected and
recorded the pre-selected distributions of movements and
non-movements. To verify that the program could detect
either pitch movements or bank movements, the pitch string
of numbers was modified to remove one of the movements -and
the bank string was not changed. The program was run using
the modified string; all stick movements were detected.

The same modification was made on the bank string and the
pitch string was not modified. The program was run and all
movements were recorded which verified that the program did
detect all movements and accurately recorded each.

Because only data from straight-line flight was
desired, not all data that was recorded was used. Data
recorded at turn points was not used to develop the dis-
tributions. Figure 12 denicts the blocks in which data
was read and analyzed. With a few exceptions, only
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straight-line flight was analyzed. Worklo:d during the
turns was treated as a separate function in the SLAM pro-
gram. Therefore, including turns in the develoﬁment of the
distributions would have biased the overall analysis by
double counting the work in the turns.

There were two sources of error in the program;
neither significantly affected the distributions. The
first occurred at the start of each run. The program
allowed noise to enter during the development of the first
time interval; it made no difference if the interval was a
movement or a non-movement. It was probable that the pro-
gram would begin in the middle of an interval of movement
or non-movement. The result was the interval recorded
would not reflect the true interval. Using the argument
that the longest interval recorded during the experiment
was 13.9 seconds and the average time of the recorded por-
tion of each run was 4,700 seconds, the maximum probable
error for the problem was less than .3 percent.

The second source of error was twofold. At the
beginning of each run the base was assumed to be within the
interval *.02 volts; until the base was reset all voltages
were compared with that base. Also, when the first voltage
checked in a run indicated movement and the second voltage
checked indicated no movement, the first was recorded as a
period of one tenth of a second of movement. This also was
not significant and produced errors of no more than .02

percent.
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Results

Table V depicts the statistical results of each
run. Appendix G contains the histograms for ali runs.
Each distribution had large standard deviations caused by
a few large excursions in movements and non-movements.
The excursions were due to the non-homogeneous terrain over
which the data was collected. The sample distributions did
not appear to be from any published distribution. A basic
attempt to curve fit a few of the distributions to gammas
and exponentials was made; however, because of the lack of
success to curve fit the distributions and the fact that
empirical data was satisfactory for input to the low-level
navigation.model no curve fitting was done.

The Friedman two-way ANOVA by ranks test (Ref 12:
166) and the Kolmogorov-Smirnov two-sample test (Ref 12:
127) were used to determine the probability that related
distributions were from the same population. Because the
Friedman two-way ANOVA was quite robust, the Kolmogorov-
Smirnov test was used to confirm the results of the Freid-
man test.

Four Friedman tests were performed; two for move-
ments and two for non-movements. The first tested whether
or not the mean movements for a pilot at all altitudes were :
from the same population as the mean movements of the other
pilots at all altitudes. Table VI shows the arrangement

for the test.




TABLE V

PILOT STATISTICS

Pilot A
Pilot B
Pilot C

Pilot A
Pilot B
Pilot C

Pilot A
Pilot B
Pilot C

1000 FEET

Stick Movements

No Stick Movements

Mean std Dev
1.327 sec 1.403 sec
1.559 sec 1.544 sec
1.655 sec 1.253 sec

600 FEET

Stick Movements

Mean Std Dev
1.676 sec 1.881 sec
1.55%6 sec 1.620 sec
1.665 sec 1.551 sec

No Stick Movements

Mean std Dev
1.081 sec 1.030 sec
2.126 sec 2.137 sec
1.680 sec 1.403 sec

250 FEET

Stick Movements

Mean Std Devw
2.077 sec 1.967 sec
1.717 sec 1.768 sec
1.413 sec 1.246 sec

No Stick Movements

Mean std Dev
1.137 sec 9,888 sec
1.764 sec 1.524 sec
1.398 sec 1.245 sec

Mean Std Dev
1.605 sec 1.571 sec
1.211 sec 1.119 sec
1.721 sec 1.674 sec
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TABLE VI

FRIEDMAN TWO-WAY ANOVA BY RANKS; ALTITUDE

Pilot 1 Pilot 2 Pilot 3
ALT 1000 1.327 1.559 1.655
ALT 500 1.081 2.126 1.680
ALT 250 1.137 1.763 1.398

The Friedman Test tested HO: that all columns were
from the same population. The results showed that there
was a probability of .194 that the columns of means came
from the same population. The Friedman test was used to
test the non-movement means in the same manner. The proba-

bility that Ho: the columns of means of non-movements were

from the same population, was true was .361. Both indi-

cated that there was a low probability that the distribu- !
tions of the means of each pilot were from the same popula-
tion as the other pilots. Table VII shows the arrangement

which was used to test if the means of the movements of

"pilots at each altitude were from the same population.

TABLE VII

FRIEDMAN TWO-WAY ANOVA BY RANKS; PILOT

1000 FT 500 FT 250 FT

Pilot 1 1.327 1.081 1.137

Pilot 2 1.559 2.126 1.764

Pilot 3 1.655 1.680 1.398
61




The test indicated Ho: the means of the distribu-
tions of movements of pilots at each altitude were from
the same population, was true with a probabilit§ of .944.
Testing the non-movements using HO: the means of the dis-
tributions of non-movements of pilots at each altitude
were from the same population, indicated that the proba-
bility that H0 was true was also .944. Because the
Friedman test is very robust and little is known about the
power of the test, more statistical comparisons of the dis-
tributions were made using K-S two-sample tests. The K-S
two-sample test was used to test the null hypothesis that
the two distributions being tested were from the same

population; The two-tailed probability that HO was true

was recorded for all the combinations of movement distribu-

tions between pilots at each altitude and theii between ﬂ
altitudes for each pilot. The same tests were conducted
using the non—movement distributions. See Appendix H for
the results of the test.

The results indicate that there are greater proba-

bilities of distributions being from the same population

for a pilct at the three different altitudes than between
pilots at the same altitude. Figqures 13 through 17 show

this more graphically. Little difference can be seen between
the pitch and bank movements as Pilot A changes altitudes.
However, a definite difference can be seen between Pilots

A, B, and C at 1000 feet. The unexpected finding indi-
cated there was little difference in pilot workload due
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to movement of flight controls for the low-lavel flights
in the three altitude blocks.

It appears the reason for the lack of difference
between flight control movements at the various altitudes
is twofold. The amount of vertical movement of the air-
craft was similar for each altitude block. Because the
terrain over which the route was flown was quite flat
between hills, flying at a lower altitude did not increase
the number of hills that affected the flight path of the
aircraft. Or, stated another way, the three-thousand-foot
hills or mountains had very close to the same affect on
the required vertical movement of an aircraft at 1000 feet
AGL as they had on an aircraft at 250 feet AGL. The second
factor was that the pilots were following a pitch director
which gave indications when to raise and lower the nose
of the aircraft to avoid the terrain hy the specified
amount. The cues tended to dampen the effects of the
terrain by starting pitch changes in approximately the
same locations prior to the hills.

Further study was done to confirm the aircraft
altitudes for each run. This was necessary to show that
the aircraft were at the specified altitudes. All were
within the specified altitudes for the majority of the time
on each run. Table VIII indicates the amount of time that
was spent in various altitude bands for each run. It also
shows that the aircraft on each run was at the altitude

specified for the majority of time.

68

Fo—




— . - | A
: B

TABLE VIII

ALTITUDE (AGL) FOR EACH RECORDED
PORTION OF A RUN

TENTHS OF SECONDS

1000 FEET 500 FEET 250 FEET

PILOT A :
, Less than 150 feet 0 1 6 '
; 150 feet to 350 feet o] 11 1972
: 351 feet to 650 feet 0 2409 1878
651 feet to 1350 feet 2879 2001 623
Greater than 1350 feet 1878 174 224
200 feet to 300 feet 0 0 965
450 feet to 550 feet 0 935 532
950 feet to 1050 feet 737 226 73
1
PILOT B
Less than 150 feet 0 0 171
150 feet to 350 feet 0 122 1804
351 feet to 650 feet 80 2258 1948
651 feet to 1350 feet 3477 2013 772
Greater than 1350 feet 1375 287 32
200 feet to 300 feet 0 70 1095 |
450 feet to 550 feet 38 1022 542
950 feet to 1050 feet 698 247 105 !
PILOT C |
i
Less than 150 feet 25 22 60 i
150 feet to 350 feet 71 126 1616 :
351 feet to 650 feet 179 1677 1864
651 feet to 1350 feet 2785 2462 1070
Greater than 1350 feet 1648 329 301
200 feet to 300 feet 34 79 998
450 feet to 550 feet 50 755 531
950 feet to 1050 feet 625 325 86
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As mentioned earlier, the objective of the experi-
ment was to develop distributions of movement and non-
movement of flight controls for the low-level navigation
model. Figures 18 through 20 show the average distributions
which were developed by combining the data from all three
pilots at each altitude. Each depicts the cumulative dis-
tribution and the probability density function for stick
movements and non-movements at each altitude. How they
were used was described in Chapter III. The statistical
data for the distributions is in Table IX.

It must be remembered that the distributions were
developed from a simulated flight. The pilots used in the
experimentvwere not proficient in low-level navigation
although they had many hours of experience in the low-level
environment. Both these points raise questions about the
validiﬁy of using the distributions to predict pilot work-
load. To dampen this argument one point must be mentioned--
the distributions that were developed were the combined
distributions of stick movement that were used by three
pilots to safely fly the simulator at the specified alti-
tudes. Therefore, it can be said that in using the distribu-
tions as indicators of workload in the way this thesis uses
them, predictior »f pilot workloads can be made for the
=i 1:lated environnent. Further study is required using

) .t ¢+ methods of measuring controls stick movements.

v+ te, 1n part, measured by movement of




TABLE IX

AVERAGE PILOT STATISTICS

1000 FEET
Stick Movements No Stick Movements
Mean Std Dev Mean Std Dev
1.509 sec 1.414 sec 1.631 sec 1.692 sec
500 FEET
Stick Movements No Stick Movements
Mean Std Dev Mean Std Dev
1.612 sec 1.629 sec 1.746 sec 1.716 sec
250 FEET
¢ Stick Movements No Stick Movements
Mean std Dev Mean Std Dev

1.426 sec 1.289 sec 1.514 sec 1.490 sec
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Fig. 18. Combined Distributions for Pilots at 1000 Feet
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flight controls. Not only the frequency but the amount of
actual stick travel in each movement must be studied.
After the stick movement and non-movement dis-
tributions were developed, data was gathered via the SLAM {

program for the analysis of pilot workload.




V. Data Collection

Presented in this chapter are the measure of merit
and experimental design used in this study. Model modifica-
tion for different profiles, replication requirement deter-
mination and the employed variance reduction technique are

also discussed.

Measure of Merit

A measure of merit is a yardstick for measuring
experimental results. In the case of simulation experi-
ments, this measure is often specifically designed for that
study. The measure of merit for this study was based on an
adjustment of the number of seconds the pilot was busy
servicing tasks in an 1800 second mission. The adjustment
was accomplished by computing the difference between the
number of seconds the pilot was busy and the number of
required service seconds. This difference was then doubled

and added to the service time accomplished.

Mom = S + 2(R-S)

Mom = Measure of merit
S = Serviced ,
R = Required

The difference between required task time and accomplished
task time was doubled to emphasize the failure of all tasks
to be completed. Simply measuring the required task time
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for each profile would not indicate the existence of high
workload density in portions of the system. This concept
was based on the idea that a more evenly distributed work-
load that allows completion of all tasks is preferable to
a system with overtasked periods that prevent completion of

every task.

Experimental Design

An experimental design is a plan for the orderly
collection of data to be analyzed. The design consists of
the selection of the experiment factors (variables) and the
different values the factors are allowed to assume. A full
factorial experiment is one that collects data on all com-
binations of factors and factor levels. The experiment
design used for this study was a full factorial design with
two factors at three levels. The design was based on pro-
viding data to allow an analysis of variance procedure on
proposed mission profiles and service variation. This
design required nine cells of data with sufficient replica-
tions in each cell to provide the desired accuracy of the
sample mean of each cell. The nine cells represented all
the possible configurations of the two factors with three
different levels of each factor. The full factorial design

is depicted in Figure 21.

Model Modification

Data collection required model parameter modifica-

tion to simulate the nine profiles compared in this study.
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ECM TASK LEVEL
0 1 2
2
5
1
0 2 3
A
T 5
{ 0 4 5 6
u |0
D
El L
0
0 7 8 9
0

Fig. 21. Full Factorial Experimental Design
ECM Task Levels
0 - No action required by the pilot.

1 - Only required action was to note threat presence--
no equipment manipulation required.

2 - No ECM equipment automation--full service as speci-
fied in Chapter III.

Altitude Level (Feet AGL)

1~ 250
2 - 500
3 - 1000
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The parameter adjustments for each of the three altitudes
selected involved changing the discrete empiriqal aircraft
control distribution developed for each altitude. The
required modification for the ECM changes involved
changing both task initiation parameters and service param-
eters. The ECM task initiation parameters changed with
each altitude as described in Chapter III. The ECM service
parameters were altered for each of the three levels of
service described in Chapter III by seﬁting the service
time equal to either zero, reduced time allowed by a
fictitious automated threat reaction system that reguired
RWR scope interpretation only, or the full service time

required for manual threat interpretation and reaction.

Experiment Replications

The number of replications for each cell of the
experimental design was determined by running a pilot experi-
ment of ten replications. The results of this pilot run
were used to approximate the required number of replications

as shown in Shannon (Ref 10:186).

t252
n= 2
d
where,
n = number of necessary replications;
t = tabulated t value for the desired confidence

level and degrees of freedom of the initial
sample;
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n
1]

the estimate of the variance obtained in the
pilot run; and

d = the half-width of the desired confidence
interval.

On the pilot run with five replications, 52 = (43.47)2,
t = 2.23 and d was selected to be 30 seconds. The result-

ing required replications were:

(2.23)2(43.47%)
(30) 2

= 10.33

Therefore, eleven replications per cell were planned to

achieve the desired accuracy.

variance Reduction

In order to increase the efficiency of the model,
a variance reduction technique was employed to reduce the
number of model runs required to achieve the desired out-
put accuracy. The pilot sample as well as all experiment
replication were obtained using the antithetic variance
reduction technique. 1In the SLAM language this was
accomplished by using a positive seed in the random number
generator for half the experiment replications and using
the negative of the same seed for the remaining replica-
tions in each cell. When this variance reduction technique
is dsed, the raw data must be transformed into a new sta-

tistic by using the following equation (Ref 8:385).




where,
Ui = the new test statistic;
Xip < the value determined using a posiﬁive seed; and
X, = the value determined using a negative seed.

The resulting sample size used in the analysis of

variance (ANOVA) procedure is smaller but the variance is

significantly reduced. For example, after the model was
run for 22 replications (11 with a positive seed and 11
with a negative seed), the raw data vafiance was (61.74)2
;! and the variance of the transformed data was (28.41)2.

| After having run 198 replications of the model to
obtain 99 data points (11 for each cell), the data collec-
tion was complete and data analysis began. The results

of the data collection process are shown in Figure 22.
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Fig. 22. Data Collection Results
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VI. Data Analysis

In order to demonstrate the usefulness of the model
in studying pilot workload, the data gathered in Chapter V
was grouped into nine cells of eleven data points. The
mean (shown in Figure 22) and the variance of the measure
of merit for each cell was compared in the data analysis
process. This comparison allowed the grouping of cells
that were statistically the same on a 95 percent confidence
level, a = .05. The analysis also identified statistically
differing cells.

Data analysis was accomplished in two phases. The
first phase was the use of a two-way ANOVA procedure using
the Statistical Package for Social Sciences (SPSS) (Ref
6:399) to study the effects of the main factors and any
possible interactions between the factors. The SPSS output
is listed in Appendix I. The second phase was a one-way
ANOVA procedure using SPSS to compare the means of each of
the nine profiles. Each profile was considered a treatment
and a Duncan Multiple Range Test was used to rank the means
of the measure of merit of each profile. This SPSS output

is also listed in Appendix I.

Two-Way ANOVA

The two-way analysis of variance procedure was used

to investigate the effects of each main factor (altitude
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and ECM service time) and the interaction effect of the
two factors. Based on a 95 percent confidence level, only
the effect due to altitude change was statistiéally sig-
nificant. The analysis of variance table in Appendix I
shows the degree of significance of each effect.

The main effects as a group were significant.

This was a result of the strength of the altitude change
effect and the near significance of the ECM service time
effect. The ECM service time would have been significant
at a 92 percent confidence level. Figure 23 shows the
trend of workload with each main effect. This figure shows
a slight increase in pilot workload (ordinate) as ECM ser-
vice time (abscissa) is increased. This was anticipated
and seemed intuitively obvious. Figure 23 also shows an
increase in workload as altitude was increased. This was
not anticipated when this thesis was undertaken, but after
the results of the investigation of flight control param-
eters were examined, it too could be understood. The under-
lying cause of this increase was due to the increase in
defensive reaction rquirements at higher altitude. The
more significant increase from 500 feet to 1000 feet was a
result of the defensive maneuver requirements.

The interaction effect of the change of both fac-
tors simultaneously was very insignificant. This was indi-
cated in the ANOVA table (Appendix J) and confirmed by the
parallel trends of the lines in Figure 24. This result was

reasonable because the magnitude of the increase due to the
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effect of altitude change overshadowed the :relatively

minor changes in ECM service requirements. The results

of the defensive reaction task investigation (Appendix D)
indicated that the number of ECM task requirements roughly
doubled between 250 and 500 feet but the increase was
largely in low service tasks. The change from 500 to 1000
feet increased defensive reaction requirements by only

50 percent but the bulk of the tasks shifted to higher
service time tasks. Defensive maneuver tasks increased
from .5 percent of all defensive maneuvers to 13 percent
when the altitude was raised from 500 to 1000 feet.

In summary, the two-way ANOVA indicated that the
only significant effect at a 95 percent confidence level
was the effect due to altitude change. This effect was a
result of the increace in defensive reaction requirements
and the shift to tasks that required longer service times.
The increased number of defensive maneuver requirements 1

at 1000 feet had a significant impact on the workload.

One-Way ANOVA 1

The one-way ANOVA procedure and the Duncan Range
test were used to compare the nine configurations modeled.
The configurations that were not statistically different
were grouped and the groups were ranked with the lowest
measure of merit ranked first. The ANOVA portion of the
procedure was used to test the hypothesis that all nine

configurations (treatments) were the same. The ANOVA
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indicated that there was a significant difference between
some of the configurations. The one-way analysis of vari-
ance table in Appendix I does not indicate which of the
treatments differ but it does indicate rejection of the
hypothesis that all nine are equal.

In order to determine which configurations differed
significantly, a multiple range test was used to group the
configurations based on a 95 percent confidence level.

The Duncan Range test contained in the SPSS package was
used to group and rank the configurations. The results were
that all configurations at 250 and 500 feet were sta-

tistically the same and formed the first group. The second

group inclﬁded all configurations at 1000 feet. The means
of the measures of merit for the first group ranged from
1185.4 seconds to 1218.3 seconds, a change of only 2.7
percent. The second group ranged from 1292.5 to 1324.5
seconds, a change of 2.4 percent. The difference between
the group means was 109.6 seconds, a change of 8.7 percent.
The total change between the lowest mean of 1185.4 secords
and the highest of 1324.5 seconds was 139.1 seconds.

Based on tﬁe grand mean of all the configurations, this
was a change of 11.2 percent.

In summary, the one-way ANOVA indicated that
changing the altitude profile from 500 to 250 feet did not
cause a statistically sign?ficant change in workload regard-
less of the ECM service requirements. A change from 1000
feet to 250 or 500 feet did cause a statistically
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significant change in workload. The resultgs of this pro-
cedure agreed with the results of the two-way procedure
by indicating thot ECM service requirements did not sig-

nificantly change workload.

ANOVA Validity

The assumptions associated with the ANOVA pro-
cedure (Ref 14:86) were tested and all assumptions were
satisfied. The independence assumption was tested using a
Runs Test to support the concept that the data points were
independent based on the use of pseudo random number
generators in the SLAM procedures. The constant variance
assumption was confirmed using the Bartlett Box Test. The
normality assumption was tested by cemputing the residuals
and confirmirig that at least 95 percent were inside two
sample standard deviations. The tested hypothesis and
results for each test are contained in Appendix J. These
tests establish the validity of the use of an ANOVA pro-

cedure for data comparison.

| Results

The two phases of the data analysis indicated that
pilot workload was not the same for the nine workload situa-
tions modeled. The results are listed below.

1. ECM service level changes had no statistically
significant impact on pilot workload at any of the three

altitudes modeled.
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2. Pilot workload significantly decreased (8.7 per-
cent) when the aircraft altitude was lowered from 1000

to 500 feet AGL. This resulted from the decreésed exposure

X to enemy threat systems. The number of threats decreased
by 32 percent but the requirement to perform defensive

maneuvers decreased from 13 percent of all required ECM

tasks to .5 percent. This large decrease in the number of
long service time tasks caused the significant difference
between 1000 and 500 feet AGL.
l 3. There was no significant difference in work-
load at 500 and 250 feet AGL.
These results indicate that workload can be ana-
lyzed by using a man-machine model. The conclusions that

can be drawn from this study are presented in Chapter VII.
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VII. Conclusions and Recommendations

This research addressed the problem that a realis-
tic, objective, and relatively inexpensive method for
evaluating the impact of a proposed night attack system on
pilot workload was not available. The specific area studied
was the comparison of pilot workload at 1000, 500 and 250
feet AGL with three possible levels of required ECM ser-

' . vice. After the mission and system to be modeled were
defined, a network model was constructed using the SLAM
simulation language. Parameters for flight control inputs
to the model were developed using the A~10 LANTIRN simu-
lator located at the Crew Station Design Facility at

Wright-Patterson AFB, Ohio. After parameter refinement and

model improvement were completed, data collection was under-
taken for the nine cells in the full factorial experiment. 1
The measure of merit used penalized a cell when the pilot

did not complete all of the required tasks. Data analysis

revealed that ECM service levels were not a significant
factor in the comparison of the nine workload levels.

4 Altitude was a significant factor in workload changes. §~

The.workload at 250 and 500 feet AGL was significantly
lower than the workload at 1000 feet AGL because the

intensity of the threat of enemy defense systems was sig-

- e — —— A

nificantly reduced at the lower altitudes. The requirement
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to perform defensive maneuvers at 500 feet AGL was 3 percent
of the requirement at 1000 feet AGL. The workload at 250

and 500 feet was statistically the same.

Conclusions

The conclusions reached as a result of this study
are listed below.

1. A comparative pilot workload analysis can be
performed using man-machine simulation.

2. If the primary cue for terrain following and
terrain avoidance is the terrain following director cue
on the HUD, the resulting flight control input distribu-
tions do not significantly differ at altitudes of 250, 500
and 1000 feet AGL.

3. A threat management system to relieve a pilot
of ECM tasks will not significantly reduce workload even
if the system completely eliminates these tasks.

4. The most significant defensive reaction task
is the requirement to perform defensive maneuvers to
defeat enemy threat systems. This requirement is signifi-
cantly reduced when the aircraft altitude is changed from
1000 to 500 feet AGL. The main tactic that can be used
by a pilot to reduce the threat and thus reduce workload

is to fly at his lowest comfort altitude below 1000 feet AGL.

Limitations

The major limitations of this study were the use of

a simulator to draw data from which flight control movement
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distributions could be developed and the simulated threat
array that was used to develop the threat input parameters.
The magnitude of the limitation of the flight cﬁntrol data
could be evaluated in two ways. First, the distributions
developed for this thesis could be compared to distribu-
tions of required flight control movements developed from
equations of dynamic stability for a representative air-
craft on a similar profile. The data developed from equa-
tions would represent the minimum number of movements
required to fly the aircraft over the specified terrain.
A comparison of the data from the two sources could be made
to determine the similarity of the two groups of distribu-
tions. Second, data from an actual aircraft could be
gathered on a low-level mission over similar terrain with
the intent of comparing the data from the two environments.
The limitations of the threat array are the assump-
tions made by Leek and Schmitt for their model. The data
they used was from unclassified sources. The accuracy of
the sources was uncertain but the data was assumed to be
representative of the real world. To delete this limita-
tion actual data would have to be used which would require

classification of this thesis.

Recommended Areas for Further Study

This model was developed as an example of the

utility of man-machine simulation in pilot workload analysis.

With this in mind, the next logical extension of this model
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would be to include the weapon employment phase in the
mission profile. This would allow evaluation of workload
on varying employment concepts and offer an oppértunity to
identify workload limitations on multiple target profiles.

The scope of the model could also be expanded to

examine the effect of workload on the probability of mis-
sion success. This would require more attention to the
time allowed between task input and task completion and
establishing realistic parameters for the effects of incom-
plete or incorrect task accomplishment on the mission

probability of success.

The final recommended area for further study is

the use of the continuous feature of the SLAM language.

Using the aircraft equations of state would identify the
minimum number of flight control inputs required to maintain
aircraft control and indicate a lower boundary on the flight

control movements for different mission profiles.
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Appendix A
Model Network Diagram/Flow Charts

This appendix contains the model network diagrams
and the flow charts for the subroutines. Figure A-l is an
overview diagram of the network. It shows the large divi-
sions of the model that are shown in detail in later

figures.
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( SIRT )

DIMENSION, .,
COMMON
EQUILALENCE
NNSET = 5000
NCRDR = 5
NPRATR= €
NTAPE =7

A
CALL SLAM

(Lomr

OTPUT

COMON

NECM = f
NALT = #

¥

WRITE:

SERVICE TIME REQUIRED FOR EACH TASK
SERVICE TIME REQUIRED TOTAL

SERVICE TIME ACCOMPLISHED FOR EACH TASK
SERVICE TIME ACCOMPLISHED TOTAL

RETURN

i i v E— — ok &

Fig. A-9. Programs MAIN and OTPUT
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—— k. — ——

<EVENT1>

STREDM = XX(7€)/1000

Y

YES, )
No
XXQD=0 >YES
NO

STRMAN = (3
il
STRVAY = .03

Y

XX(S7) = STRECM + STRMAN + STRIAV

RETURN

Fig. A-10. EVENT 1




EVENT 2

SEEIT = DRAD()

Y XK@ =0

“NO |

SEEIT < (90 >YES X2 =1

NO

o

RETURN

Fig. A-11. EVENT 2




= - 77 v=1%
|

| "MCSPOT = 0
| MKSPOT = MFIND(1,2,1,0,30,0)

L <G

| NO

CALL REMOVE(MSPOT, 2,A)
| YX(99) = XX(99) - A
, XX(83) = XX(83) - A

R

RETURN

e ten i . .

- - _— -

Fig. A-12. EVENT 3
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COLLECT ACCOMPLISHED TASK DATA
wWiTH 21 IF STATEMENTS

4

XX(@) = XX(@) + AQ)

COLLECT REQUIRED TASK TIME
DATA WITH 20 IF STATEMENTS

XX(99) = XX(99) + A@)

RETURN

Fig. A-13. EVENTS 4 and 5
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USERF 1

J=1
Z = DRAND(3)

PROBV(J

YES

USERF = RIVEC())
U=1
77 = DRAD()

72 PRCBB(JJ

NO
J=Jd+1

L

4

XX(62) = RIVECB(JS)
RETURY
Fig. A-14. USERF 1
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:
( USFRF2 )
ECMREQ = DRAND(3)

USERF=RHORM(4.2,1.05)

USERF=RIORM(1.7, .6)

: USERF=RMORM(. 6, .2)

RETURN

i

Fig. A-15. USERF 2

4
g
!
{

i
1
|
!
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USERF 3

YS USERE =0 [

NO

SPAN = THOW - TLASTCK
i WHEN = THOW - TLSTS'D

| USERF =0 —

TLSTSHD = THOW

. RETURN

USERF 4

¢

USERF = 0
TLASTCK = THOY

( RETURY )

Fig. A-16. USERF 3 and 4

o e i — — e
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Appendix B

Model Code iisting

This appendix contains the model computer code
listing. Description and documentation is contained in

the listing.
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ALTHCN132008, 11468, 10188, T798541)CROVES 4421,
ATTACH SLAM, ID=AFIT.
FTN,SYSEDIT.

ATTACH, TAPEB,REQUIRE,CY=1,
ATTRCH) TAPES»DATANCY=1L,
SKIPF1TAPES+ 11718,
SKIPF)TAPES 121748,
COPYL,SLAR:LGORUN» 1 RA.
RUN:PL=28884 .

EXTEND, TAPES.

EXTEND, TAPES.

REWIND: TAPES.

REMIND: TAPES,

RETURN) TAPES.

RETURN. TAPES.

c

PROGRAM FAIN(INPUT)OUTPUT) TAPES=INPUT TAPES=OUTPUT

# TAPET» TAPES) TAPES)

DIMENSIOR NSET(5888)
COMMOR/SCONI/ATRIB(168) DB (1663, DDL(188) »DINCH+ 11+ KFA 1 HSTOP,
ENCLNR)NCRDR NFRNT ) NNRUN: NNSET NTAPE SS (10812 SSL(168)
FTNEXT) THOM, XX (18]

CONMON GSET(5648)

EQUIVALENCE (NSET(1},GSET(1}}

NNSET=5688

NCRDR:3

NPRNT=6

NTAPE=7

CALL SLAM

sTop

END
FHR R AR IR I IR A R R IR IR R R R M A T R MR 948
#*  GLCSSARY OF GLOBAL VARIABLES H
# XX{1)-SHETCH TO IDENTIFY THE FIRST NAV LEG #
# XX(2) THRU XX(13)-SWITCHES TO IDENTIFY AN UNCOMPLETED #
+ TASK IN THE QUEUE, THE (#) CORRESPONDS TO THE #
) FIRST ATTRIBUTE VALUE OF THE TASK 3
# XX{19)-SBITCH TO IDENTIFY AN UNCOMPLETED TASK 19 $
# XX(21}-SMITCH 7O INDICATE THE SUCCESS/FATLURE OF A &
3 NAV POINT SEARCH 3
3 YX{22)-SWITCH TO IDENMTIFY AN INCOMPLETE NAV TASK IN 4
] THE QUEUE ]
# XX(23)-5SWITCH TO ALLOW/STCR NAV POINT SEARCHES ]
# XX(3Z) THRU XX{39}- SANE AS XX(26) THRU XX(9¢} EKCEPT »
3 THESE WERE FOR TASKS COMPLETED 1
3 444 2 TASK # COMPLETED/REQUIRED
2 2360458 2:10 445 REQUIRED ]
2 76800 b 7h809 REQUIRED *
4 32THRU 39 2 THRY 9 COMPLETED ]
4+ 41 THRU 44 11 THRU 14 COMPLETED +
# 45 THRU 48 1947243044 AMPLFTEN ]

e N N o . sk e e a N a Ra X a K]
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i e e B A

L8 o
e

1 115416018 74,75 7481 COMPLETED

3 91 THRU 94 11 THRU {4 REQUIRED

# 9 19 REQUIRED

+ §2:83:84:85 22+36+44:74,75  REQUIRED

+ 856:87,89 1517681 REQUIRED

] 98 TOTAL COMPLETED

] 99 TOTAL REQUIRED

# YX{55)-SHITCH TO ALLOW AN OPS CHECK TASK

# X1{71)-PARANETER FOR DEFENSIVE REACTION INPUT

# XX(73)-PARAMETER FOR RATIO OF DEF MANEUVERS REQUIRED
L] T0 DEF REACTIONS INITIATED

# XX{74)-RANDOM NUMBER TO TEST PROPER TASK ACCOMPLISH-

] MENT: . E. STRESS TEST

# XX(7S)-DEFENSIVE MANEUVER STRESS SWITCH

# XX(76)-ECH STRESS FACTOR PARAMETER

# XX(78}-DUNNY PARAMETER TO REMOVE NORMAL ERROR RATE

# WHEN TESTING FLIGHT CONTROL TASKS FOR PROPER

] COMLETEION

# X1(79)-NAV LEG COUNTER

* Y1{96)-RANDOM NUMBER FOR STRESS TEST OF FLIGHT CONTROL
# TASKS

¥ XI(97)-TOTAL STRESS VARIABLE %
# 11)98)-COMPLETED SERVICE TIME #

# XX(99)-REQUIRED SERVICE TIME ¥
FHHHHB B

HHHHH I I I T M A

W e de e e W st e N e e e e e W e W

4
4

) EVENT SUBROUTINES FOR STRESS » NAVIGATION SUCCESS » K
) ELININATION OF EXTRA FLIGHT CONTROL INPUTS & «
>) COLLECTING DATA ON TASK TIMES «

IIICIIICICIMIMITIMITICICIICCIIITIIEDICIIICI O

SUBROUTIRE EVENT (I) .

COMMON/SCONI/ ATRIB(1061,DD(188) +DOL(1E6) DTNON, IT/MFAHSTOP,
#NCLNR/R:CRDR +NPRNT »NNRUN NNSET)NTAPE SS(188),SSL(188)»
FTNEXTs TNOW, XX (166)

TTHCRSION A(T7)

¢
€ > INITILIZE STRESS FACTOR TERMS (K

DATA STRECM:STRNAV,STRMAN:TOTSTR /448,/

€0 10 (1L &hShl

3> COMPUTE STRESS IMPACTS QN SERVICE TIMES <

TINES/1888 <K
STRECK=XX(76) /1688,
) IF THE DEFENSIVE MANEUVER SWITCH 1S SET INCREASE
THE STRESS FACTOR BY .83 <
IFCXXA75).GE. 1.} STRUAN= .83
C )> IF THE LAST NAV POINT WAS NOT SEEN INCREASE THE
C  STRESS FACTOR BY .83 «
IF(XX(21).EQ.8.) STRNAV= .43
€ )) SUM THE STRESS FACTORS <

¢
¢
c
C >) ECM STRESS = CURRENT 2 MIN. XENORY OF ECK SERVICE
¢
1
¢
¢
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" 1X(97)=5TRECH + STRMAN + STRNAV

RETURN
¢
€ ) DETERMINE IF THE NAV POINT NAS SEEN «
¢

2 SEEIT = DRAND(T)

€ )) THERE IS A 167 CHANCE THAT THE NAV POINT MILL

€ NOT BE SEEN--SET THE SWITCK TO 4. IF NOT SEER
IF(SEETT.CE. .98} XX(21)=8,

IF(SEEIT.LT..98) XX{(21}=1,

RETURN

-

) REMOVE CONTROL INPUTS THAT WERE GENERATED WHILE
> TASKS 48 OR 75 WERE BEING SERVICED BECAUSE THESE <
) TASKS WOULD BE DONE AS PART OF TASKS 48 & 75 (K
50 381 J=1,58 )
HKSPOT=6
MKSPOT = NFIND(1+2+118:38.,8.)
IF (NKSPOT.EQ.6) GO TO 382
CALL RMOVE(MKSPOT»Z+4)
1X{99) =XX(99)-A(2)
TX(83}=XX(83)-a(2)
381 CONTINUE
382 RETURN
¢

WMDY

€ > EVENTS 4 & 5 ARE USED TO COLLECT TASK TIME ((
C )) DATA F(R AMALYSIS--EVENT 4 COLLECTS DATA ON (¢
€ ) COMPLETED TASKS WHILE EVENT 5 COLLECTS DATA
€ ) ON TASLS THAT WERE T8 BE ACCOMPLISHED «
€ > TOTAL TASKS COMPLETED <
& IF(ATRIB(Z).LT.8.) RETURN

IF(ATRIBA1}.£Q.2.) XX(32)=XX{32) + ATRIB(Z)

IF(ATRIB(1).E8.3.) XX(33)=XX(33} + ATRIE(2)
IF(ATEIB(13.EQ.4.) XX(34)=XX(34) + ATRIZ(2)
IF(ATRIB(1).EQ.5.) XX{351=XK{33) + ATRIB(Z)
IF(RTRIB(1).ER. 6.3 XX{36)=XX{3b) + ATRIB(Z)
IF(ATRIB(LI.EQ.7.) XX(37)=XX(37} + ATRIB(Z)
IF(ATRIB(1).EQ.8.) XX(28)=XX(38) + ATRIZ(Z)
IF(ATRIB(1).EQ. 9.} XX{39)=XX{3?) + ATRIB(Z)
IF(ATRIB(1).EQ.11.) XX(413=XX(R1] + ATRIB(Z)
TFLRTRIB(1).ER.12.) XR(42)=1X1A2} % RATRIBi2)
IF(ATRIB(1}.EQ.13.) XX(431=XX(43) 4 ATRIB(Z)
IF(ATRIB(L).EQ. 14,3 XX(44;=10.44) + ATRIB(2)
IF(ATRIB(1}.EQ.19.} XX{45)=X1(45) + ATRIB(Z)

IF(ATRIB(1) .EQ.22.) XX{5)=XX(46) + ATRIB(Z)
IF(ATRIB(1).EQ,38.) 1X(473=XX(47) + ATRIBIZ)
IF(ATRIB(1),EQ.468.) XX(i2)=xX(48} 4 ATRIBIZ}
IF(ATRIB(1).EQ.74.) RX(24)=XX(14) + ATRIB(2)
IF(ATRIB(1).EQ.75.) XX(i5i=XX(15} + ATRIB(2)
IFIATRIB(1).EQ.76.) XX(16)=XX(16) + ATRIB(Z)
IF(ATRIB(1).EQ.81.) XX(18)=XX{18) + ATRIBIZ)
1X(98) = XX(98) + ATRIB{Z)
RETURN

17




€ 3> TOTAL TASKS REQUIRED «

5 IF(ATRIB(Z).LT.8.} RETURN
IF(ATRIB(1},EQ.2.) XX(28)=XX(2¢} + ATRIB(Z)
TF{ATRIB(1) .EQ.3.) XX(3BI=XX(38} + ATRIB(Z)

IF(ATRIB(1).EQ. 4.3 XX(&8)=XX(4d} + ATRIB(2)

IF(ATRIB(1).£8.5.) XX{58)=XX{58) + ATRIB(Z)

1F(ATRIBC1).EQ. 6. XX{b81=KX(6@) + ATRIB(Z)

IF(ATRIB(1}.EQ.7.) XX(78)=XX{78) + ATRIB(Z)

IF(ATRIB(1).EQ.8.) XX(BB)=XX(B4} + ATRIB(Z)

IF(ATRIB(1) .EQ.9.) XX(981=XX(98) + ATRIB{Z)

IF(ATRIB(E).EQ.11.) XX{91}=XX(91} + ATRIB(Z)

IF(ATRIB(1).EQ. 12} XX(92)=XK(92} + ATRIB(Z}

IF(ATRIB(1).EQ.13.) XX(93}=XX(93) + ATRIBIZ)

IF(ATRIB(1) .EQ.14.) XX(94)=XX{(94) + ATRIB(Z)

i IF(ATRIB(1).EQ.19.) XX{95)=XX{95) + ATRIB(Z)
] IF(ATRIB(1).EQ.22.) XX(BZ}=XX(BZ} + ATRIB(Z)
IF(ATRIB(1).EQ.38.) XX{B3)=XX{83) + ATRIB(Z)

| IF(ATRIB(L).EQ.48.) XX(B41=XK(84) + ATRIB(Z)
IF(ATRIB(1).EQ.74.) XX(B5)=XX(85) + ATRIB(Z)

IFGATRIB(1) .E8.75.) XX(B&}=XX(B4) + ATRIB(Z)
IF(ATRIB(1).£Q.76.} XX(B71=XK{8T) + ATRIB{Z)
IF(ATRIB(1).EB.81.) XX(B9F)=XX(8%) + ATRIB(Z)
IX(99) = XX(99} + ATRIB(Z)

RETURN

END

™

SUBROUTINE OTPUT
COMNON/SCOM1/ ATRIB(168).DD(1801,DDL{10E) +DTNON. 11+ HFAIMSTOPy
#NCLNR+NCRDR +NPRRT 1 NNRUN+ NNSET o NTAPE 1SS (1481 4SSL L1661y
FTNEXTHTRON XX (168)

¢

C >) NECM = ECM LEVEL

C ) NALT = ALTITUDE

c PSSP IENTENE NN UTITTRONINNSIANIRSINEPNTERSES

c---l-ul.ltn.-nuol--l-l-nul-t--uutsln'.-lIlllnll

NECH=2
NALT=3
clll'lIIIllIlIlllll!!IlCllllll'llll!llllll'lll.l
c AR R AR ERR R NN R AR RN N EERANRN NN ER RN RN NSRS NNRNE]
¢
WRITE(S+1861) (XX(1)41-22,98+16)
P WRITE(b2 1802} (XX(I) 4129159500 (XX (1)} 51=82+89),XX{99)
c

‘ WRITE(4+2061) (XX(I)11232,39)

1 WRITE(6+2082) (XX(I):1=41s36)

f WRITE(b92893) (XXU1) 124,180, XX198)

i URITE(S361) (XX(1)21=20,98: 18+ (XX{T) 912914950,
X1 1282,89) 10X (99)

! WRITE{Ss3681) (XK (it 12325391 (XX{TY  I=41048)

1 £ 0XX(T 0 [=14018) 18X (55N

[ WRITE(9. 48811 NECRWNALT XX (3411 1X(99)

4601 FORMAT(IX2 I201Xs 120 1K0F1B.50101F18.3)
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—

¢

1681 FORMAT(1X,"TASK TIMES TO (.CCOMPLISH"//" T2 = “:F€.23y
T3 = F8. 3" T4 = "iFS. " TS = "iF8.34" Tb = "4FB.3
8" 17 = “F8.3:" 18 = "1F8.3+" 19 = "4§8.3)

1602 FORMAT(IX,™ TI1 = “oF8.3:" T12Z = ",F8.3" T13 = "“+F2. 2y
% T44 = “9F8.3" T19 = ™iF8.30" T22 = "iF8.30" T30 = "iF8.3
T4 = "B /1K TTA = MeF8.20" TT5 = MiFB.3y
B T76 = "1FB. " T77 = "4F8. 0" T81 = "“4F8.3//1K
#,“TOT REQUIRED = *,F13.2)

2061 FORMAT(1X,//" TASK TIMES ACCOMPLISHED "//" T2 = "»F8.2y
03 = YLD T4 = "B TS = MFB. " Th =
#8.3:" T7 = "4F8. 3" 8= “FB. 2" 19 = 48,3}

2002 FORMAT(1X,™ Tit = *+F8.3»" TIZ = “F8.34" TI3 = "F8.3
116 = "F8.3" TI9 = MFB. 3" T22 = "WF8.3," T8 = "y
#8.3»" T48 = "1F8.3)

2083 FORMATUIX,™ T74 = "“F8.20" 175 = "} f8. 3" T7b = ™
8.3 177 = "F8.3:" 181 = "iF8.3//

#" TOTAL TASK TIMES ACCOMPLISHED = “.F18.3)

3881 FORMAT{1X,7F8.3/7F8.3/7F0.3/F18.3)

RETURN

END
¢
¢
C >> USER FUNCTION FOR FLIGHT PARAMETER ,ECM» OPS CHECK <
€ ) REQUIRENENTS «
c

FUNCTION USERF(IFNI
CONNGN/SCONI/ATRIB (1482 1 DD (188} 1 DDLI18E) 1 DTNON 111 NF A
HHSTOP ) KCLNR  NCRDR+NPRNT ) RNRUNNNSET NTAPESS {1881, SSL 188}
FINEXT TNOR) XX (186)
DIMENSION PROEV(388),RNVEC{388) PROBE (3881 RNVECE (388)
BATA TLASTCK.TLSTSND/233./
C >)> THE NEXT 2 DATA STATEMENTS DEFINE THE AIRCRAFT CONTROL
€  INPUTS: RNVEC = SERVICE TIMES
¢ PROBY = CUMMULATIVE PROBABILITY OF INPUT
C RNVECB = TIME UNTIL NEXT INPUT
¢ PROBB = CUMNULATIVE PROEABILITY OF TIME BETWEEN
¢

DATA RNVEC/. 3. 610.50.60. v .8r el v f 0120 1. 00004
1151601011801 0202.142.202.312. 42,528
$12.12.812.93.13.113.213.213.413,512.6:3.8+3.9
Dh 8204, 404,508,605, 215.315.415.916.8:18.947.
$H7.4:7.4:8.3+13.9/,PROBY/ . 67
$1.1660.2291.2864.345) . 484+ 4561,4871,52+.566+.485:.624
$1.6629.688+.7169.7381.7519.7661.7881.812.8232.8341.849,,.854
$1.867+.873,.88+.8911.902,.9131.9171.9241.9261.931.939,.943
£1.999.9561.959+,9611.9671.9721.978+.983+.985+1.987,.96% 991
41.993:.996,.9981./

DATA RNVECR/.3
.S .6 T B Dl . hL 2l 314
Bl 01T LN 20 . 12 2. 12.02.5: 2.4
$12.192.8:2.93.13.113.213.313.63,5+3.6:3.8+3.9
Bl L3 0 4,.5:14.604.814,945.315.415.9
11806118, 206 . 006 50T 7. 207 . 007,08, W18, 10112
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e . — — AR .

#11.9912.3/,PROEB/.£59
3 112 AT 2830 3000 A28 4581, 5110, 5460 . 3810 L6830 57
#1,661.6841.7069.7241.7481.7610.776).7961.014,.8271.E381.849
3),855:,861.8681.882.886+.£93+.897,.984,.988+,912,.917).919
#1.9231.931.9321.9361.9431.945:.9471.951.9521 . 9541, 9581 . 941
£1.9650,9671.9691.9711.974+.,98+.9851.9871.9891.9911.993).996
4,998 1./

¢
G0 T0 (11223:4) 4 1FN

c
C >) DETERNINE THE FLICHT CONTROL PARAMETERS <<
c
i

J=1
2=DRAND(3)
€ ) IF THE CENERATED RANDOM NUMBER 1S LESS THAN THE
¢ CUN, PROB. AT THAT STEP TAKE THE ASSOCIATED INPUT
280 IF(Z.LE.PROBV(J}} GO TO 18
J=dit
G0 10 28
18  USERF=RNVEC(J)
17=DRAND(4)
Jd=1
£ >) IF THE GENERATED RANDOM NUMBER 1S LESS THAN THE
c CUM» PROB. AT THAT STEP TAKE THE ASSOCIATED INPUT
48  IF(ZZ.LE.PROEB(JJI} GO TO 38
JJ=ddt
60 T0 48
38 XX(62)=RRVECE(JJ)
RETURN
¢
€ >> USER FUNCTION FOR THE TYPE AND SERVICE TIMES ON ECHM TASKS (K
¢
2 ECMREQ=DRAND(T7}
€ ) 171 OF 7HE ECH TASKS REQUIRE POD CONTROL SWITCH CHANGES <«
1F (ECHREQ.LE..17) USERF=RNORM{4.211.85:7)
€ )) 261 OF THE ECH TASKS REQUIRE ALE-48 ACTIC:'S (FLARE OR
¢ CHAFF DISPENSINGY AND NOTING THE SIC.L ON RMR SCOPE (
JF (ECMREQ.CT..17.AND,ECMREQ.LE, .43V USERF=RNORN(1. 7. 6+7}
£ »> 571 OF YHE ECH TASKS REQUIRE ONLY NOTINC THE SICNAL
€  ON THE RUk SCOPE K
IF(ECMREQ.CT..43) USERF=RNORM(.8+.2:7)
182 RETURN
¢
C ») WHEN LESS THAN 2 TASKS ARE TO BE SERVICED (ONE OF WHICH
€ IS IN SERVICE) DO M “(FS CHECK™ IF ONE HAS NOT BEEN
¢ DONE IN THE LAST 5 MIKUTES
3 IF(NN@(3).6T.1.)60 TY {5
€ )) DETERMINE THE TIME SINCE THE LAST “OPS CHECK™ ((
¢ TLASTCK = TIME LAST OFS CHECK COMPLETED
c TLASTSNG = TIME LAST 0PS CHECK SENT 0 QUEUE
SPAN=TNOW-TLASTCK
WHEN=TNON-TLSTSND
€ ) TEST T0 SEE IF "0OPS CHECK" IS REQUIRED
IF (SPAN.GT.308.AND . WHEN.GT.386.) GO TO 183
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€ » IF NO “0PS CHECK" REQUIRED SET USERF:8.
185 USERF=6.
RETURN

¢
C >) SET SWITCH REQUIRINC THE OPS CHECK <
1#3  USERF=1.
TLSTSND=TNOW
RETURN
c
C >> USER FUNCTION TO MARK TIME OF LAST “OPS CHECK" COMPLETION (¢
4 USERF=6.
TLASTCK=TNGM
RETURN

END

CEN2CROVESLONLVL81/14/81,224
LINITS 1416148}

i < NEGATIVE SEEDS FOR ANTITHETIC VARIANCE »)

i (£ RANK TASKS BY PRIORITY(ATRIB{3}) - HIGHEST FIRST )

i < IF TASKS HAVE SAME ATRIB(3)} PUT OLDEST FIRST ))

PRIORITYY/1+HVF (3) /Z,HVF {3} /3 HVF (3} /NCLRR2 LVF {JEVNT}§

NETHORK:

#  <{ RESOURCE FOR SHORT TERM MEMORY- MULTIPLE SERVICE SCHEME )

# << RESOURCE FOR PILOT- SERVER »
RESOURCE/STMEN(2) 413 i
RESOURCE/PILOT(1)42:34

3 {{ START THE NAVICATION LEC )

STRT CREATES

3 <L INITIATE TASKS REQUIRED AT THE TURN POINT ))
ACT 1 TURNS
ACT»12SNPSR?
ACT» 12 CCLK?
ACT 112 CHBG?
ACT»92CSPD}
ACT» 9o CALTY
ACT» 11 CONAVS
ACT o CLODTH
ACT 9 CFUELS
ACTr 9 THRTLS

{{ THIS DETERMINES THE LEC TIME LESS 128 SECONDS ))
ACT)RNORN(388.198.5) » HVLLTS

{{ DELAY INITIATION OF LOPING INPUTS FOR 1 SEC TD ))
<{ INSURE LOOP PLRAMETERS HAVE BEEN SET »
ACTo1.12STECHS
ACTo L. o XX(1) NE.1.0FRETH

—e we we

{{ SET THE THREAT LEVEL BASED ON THE NAV LEG/FEBE TINE ))
121
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[ O S PG  y

1]
i (L ECM ACTIVITY LEVEL SELECTION »
THRTL  ASSICN» XX(79)=KX(T79)41.3
ACT» XX (79).EQ. 1. LVLONS
ACTy o XX{79).EQ.2. LVHED]
ACTH XX{79).EQ.3.HLVVHIS
ACT» XX{79).GE. 4. LVHI}
LVLOW ASSIGK XX{T71)=428.,XX{73)=8.5
ACT» 1o HALTS
LVMED ASSTCN XX{T1}=218.+XX{73)=6.}
ACTr o HALTS
LVVHI ASSIGN»XX{71)=28.,XX(73)=.13i
ACT 218,
ASSIGN: XX{71)=52.53
ACT» s HALT}
LYHL  ASSICR XX{71)=52.5,XX(73)=8.}
ACTr o HALTH

.
1]

3 {4 START ECH LOOP %
STECH ASSIGN:ATRIB(1)=999.ATRIB(2)=XX(7%)}
ACTy 1o ECH}

+ {{ INITIATE REOCCURING TASK SEQUENCES ON THE FIRST LEGC »
FROT ASSICNsXX(1)=1.i

ACTy 1) ACCLT?

ACTH1 ) SISPRY

{{ THE NAV LEG IS NOM 128 SECONDS FROM COMPLETION ))
VLGT GOON:
ACcT;
+ {4 IF APPROACHING THE END OF LEG 2 INITIATE A FEHCE CHECK ))
ACT»»XX179),EQ.2.FNCE}

{{ SET THE SWITCH TO STOP THE NAV PGINT SEARCH ROUTINE )
ASSIGN, XX{23}=1.}

-e

{{ COMPLETE THIS NAV LEG AND START THE NEXT LEC )»)
ACT+128.1STRTS

{{ INITIATE THE TASKS REQUIRED WHEN APPROACHING A TURN PDINT )»)
ACT198.1 UPINSH
ACTy 1+ CNHDG
ACT+1»TRPTR}

-e

FAONHNMIMIMNOIONNINNNNIHINININMIMIMIMINIMINIINMDG
7 < ALL ASSIGN NODES THAT ASSIGN ATRIBS 1)2 & 3 ARE ASSICNING )
#  TASK CODES,SERVICE TIMES AND PRIORITIES RESPECTIVELY )
i C ATRIB(4) = A SERVICE INDICATOR FOR MULTIPLE SWITCHING )
§ ¢ BETHEEN TASKS....INDICATOR VALUES DEFINED BELOW )
i { @.-NOT SPECIFIED DIVIDE BASED ON SERVE TIME )
i < 1.-D0 NOT DIVIDE SERVE TIME )
i ¢ 2.-DIVIDE SERVE TINE INTO 2 PARTS )
i < 3.-DIVIDE SERVE TIME INTO 3 PARTS )
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i ¢ A4.-DIVIDE SERVE TIME INTQ 4 PARTS >
# < S.-BIVIBE SERVE TIME INTQ § PARTS )
FOMIIIMINIMINININININININDINNINNMININDINININY

i < CHECK CLOCK TASK >)
CCLK  GOON}
ACTH
ASSIGN(ATRIB(1)=2.+ATRIB(Z)=RNORM(.61.2+71,ATRIB(3) =3,y
ATRIB(4) =110

i CCTF SWITCH IS SET SEND TASK TQ COLCT MODE »
ACT/910 o XX(2).EQ. 1., T0DO}
ACTi

i €C SET THE SWITCH TQ PREVENT MULTIPLES OF THIS TASK IN THE @ »
ASSICN» XX{2)=1.i
ACT/2+ 99 TASKES

i {{ CROSSCHECK AIRCRAFT HERDING TASK »
CHOG COON:
ACTS
ASSICN:ATRIB(1)=3.,ATRIB(2)=RNORM(1.8+.6:7) +ATRIB(3) =3,y
ATRIB(4)=1.01

1 < IF SKITCH IS SET SEND TASK TO COLCT NODE »»
ACY/529 9 XX (31 .EQ. 1.+ TODO}
ACTS

i <{C SET THE SWITCH TO PREVENT MULTIPLES OF THIS TASK IN THE @ »
ASSICN XX (3}=1,4
ACT/31 v+ TASKQ?

i < CROSSCHECK AIRCRAFT SPEED TASK »>
CSPD  COON:
ACT;
ASSIGN) ATRIBI1) =4, ATRIB(Z) =RNORM{1.8+ .62 7} +ATRIB(3) 22,
ATRIB(4} =113

v CCIF SHITCH IS SET SEND T4SK TO COLCT WODE »
ACT/S41 1 XX{4) .EQ.1.,TODC}
ACTS

i (CSET THE SWITCH TO PREVEWT MULTIPLES OF THIS TASK IN THE @ »)
ASSICN) XX (4)=1.}
ACT/41 12 TASKEI

i <C CROSSCHECK AIRCRAFT ALTITUDE TASK >>
CALT GOON:
ACTH
ASSIGNATRIB (1) =5, +ATRIB () =RNOFM(1.81.4¢7) +ATRIB(3) =3,
ATRIB(&) =1, 1}

+ < TF SWITCH 1S SET SEND TASK TO COLCT NODE »
ACT/55,»XX(5}.EQ. 1, TODO}
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ACT}

i C(C SET THE SWITCH TO PREVENT MULTIPLES OF THIS TASK IN THE 8 >
ASSICN XX (S)=1.i
ACT/51 ¢ 2 TASKES

i <C CHECK NAV LEG TIME TASK >
CCNAV COON}
ACT:
ASSICNATRIB (1124, ATRIB(Z) =RNORM (1.8 .89 714 ATRIB(3) =1,
ATRIB(4) =113

i (C IF SKITCH IS SET SEND TASK T0 COLCT NODE >)
ACT/361 2 XX (6 .EQ. 1.2 TODOS
ACTH

t {C SET THE SWITCH TO PREVENT MULTIPLES OF THIS TASK IN THE @ »
ASSIGN XX (6)=1,}
ACT/60 01 TASKG}

i {( CROSSCHECK NAV LEG DISTANCE TASK >»
CLGDT GOONi
ACTH
RSSTCN+ATRIB(1) =7, ATRIB(2)=RNORM(.&1.2¢7) 1ATRIBIS) =1,y
ATRIB(4}=1.,1i

i < IF SWITCH IS SET SEND TASK TQ COLCT NODE >
ACT/5719XX(7) EQ. 1., TODOS
ACTi

#  (C SET THE SWITCH TO PREVENT HULTIRLES OF THIS TASK IN THE @ »)
ASSICNY XX(7) =13
ACT/71 11 TASKAI

1 {{ CHECK FUEL TASK »
CFUEL GOONi
ACTS
ASSIGNsATRIB(1)=8, (ATRIB(Z} =RNORM(.61.2+7) +ATRIB(3) 22,y
ATRIB(4)=1.1i

i < IF SWITCH IS SET SEND TASK TO COLCT NQDE »
ACT/98»+XX(8).EQ. 1., TODOS
ACTH

t  (C SET THE SWITCH Tu PREVENT MULTIPLES OF THIS TASK IN THE @ »
) ASSIGHy XX (B)=1.7
ACT/8 42 TASKD}

i <K UPDATE INS CO-ORDINATES TASK »
UPINS GOON3
ACT3
ASSIGN+ATRIB(11=9.ATRIB{2)=RNORM(18.12.+8)1ATRIE(3) =3,
ATRIB(#1=6.,15
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i i CCIF SWITCH IS SET SEND TASK TO COLCT KOGE 5
: ACT/SS0 0 X409 EQL 1, TODOS
ACTS

H {¢ SET THE SWITCH TO PREVENT MULTIPLES OF THIS TASK IM THE @ )
ASSIGN XX (9)=1.1
ACT/9 42 TASKRS

((CHECK INS ACCURACY TASK »
KINS GOONi
ACTi
ASSICN ATRIB(11 =11, ATRIB(Z) =RNORM(3.+.5+4) 1ATRIB (3} =4,
ATRIB(4)=1.013

Y =e we

i <C IF SHITCH IS SET SEND TASK TO COLCT NODE »
ACT/61+¢XX(11).EQ. 1., TODDS
ACTH

r
% i (( SET THE SWITCH 7O PREVENT MULTIPLES OF THIS TASK IN THE @ »
ASSIGN XX (11)=1.3
ACT/18 00+ TASKES

2
i <« CROSSCHECK MEXT HDG ON CHART TASK »)
CNHDC COON;
ACT: 1
ASSICNsATRIB(1) =12, 1ATRIB(2) =RNORM(1.81.6+7) 1ATRIB(3} =4,
ATRIE(8)=1.+15

? (CIF CRITCH IS SET SEND TASK TO COLCT NODE »
ACT/6219XX112) .EQ.1. 1 TODO}
ACcT}

i CC SET THE SKITCK TO PREVENT MULTIPLES OF THIS TASK IN THE @ »
ASSIGK XX (12)=1.}
ACT/12+ 01 TROKAS

{{ REVIEW TURN PT ON CHART TASK >
RPTR GOON?
ACTS
ASSIGN,ATRIB(11=13.+ATRIB(Z)=RNORM(.+1,5:9) 2ATRIB{3)=3.s
ATRIB(D =811}

4 ws we

i (C IF SKITCH IS SET SEND TASK T COLCY MODE )
ACT/63+9XX (130 .EQ. 1., TCDO
4Ty

<€ SET THE SWITCH TO PREVENT MULTIPLES OF THIS TASK IN THE @ )
! ASSICN XX (13)=1.}
2 ACT/131 141 TASKES

¥ {C CHANGE IFF CODE »)
CIFF CREATE+ 8.}

}[ ACTS
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ASSICNATRIB(1) =14, ATRIB(Z) =RNORM(6, 8976071 1ATRIB(Zi =7,y
ATRIBI4) 1.5
ACT/14,UNFRU1B.+1808.7) r o TASKG:

: i < OPS CHECK TASK PARAMETERS )
SYSPR ASSICN:ATRIB(1)=19.,ATRIB(2)=RNORM(3.+.5:7)1ATRIB(3)=3.¢
ATRIB(4)=3.01i
: i
1 ACT/690 XX (19}.EQ. 1. TODO}
§  (C SET SHITCH TO PREVENT MULTIPLES OF THIS TASK IN THE § >
] ACTH
ASSIGN» XX (19} =13

s
?

ACT/191+ 1 TASKDS
i
‘ i << MARK COMPLETION OF OPS CHECK >}
] SYSLC ASSICN: XX (55) =USERF (4) ]

ACT o o HALTH
t  {{ RELEASE THE SWITCH TO ALLOW THE NAV POINT SEARCH RQUTINE »)
SNPSR ASSIGN XX{(23)=8.,ATRIB(1}=XX(79)§

aCcT:

+ <C NAV POINT SEARCH ROUTINE »
NPSRH COONs 1%
i {{ STOP NAV SEARCH ROUTINES FROM PREVIUOS LEGS »
ACTATRIB(1) EQ. XX (794
ACTy s+ HALT?
COON

{C LOOK FOR A NAV POINT EVERY 244 SECONDS >
ACT RNORM (244,115,171 KX(23) .E.8. /NFSRHS

< DON'T ALLCM @& NAV PT SEARCH WITHIN 128 SEC OF NEXT TURN FT ))
ACT» XX(23).EQ.1, (HALT}
ACT+ XX (23).EQ.8.7
ASSICN/ATRIB(1)=22.ATRIB(2) =RNORN(4.+1.5:2) 1ATRIB(3) =4,
ATRIB(4)=8.,2}
ACT» oo CKINGS

(¢ DON'T ALLOW ANOTHER SEARCH TASK IN THE @ UNTIL THE »
(< LAST ONE IS COMPLETED »

i CC IF SKITCR IS SET SEND TASK TO COLCT NODE THROUGH NVSW >
ACT» XX(22).ER. 1HRVEW}
LA

{C SET THE SWITCH TQ PREVENT MULTIPLES OF THIS TASK IN THE @ »
ASSIGN XX(22) =17
ACT/22+ 11 TASKA?

< SET NAV POINT SHITCH TQ "NSEEN" IF NAV POINT SEARCH »
{{ TASK NAS NOT ACCGMFLISHED «uiN A NEW ONE WAS DUE  »
VSN ASSIGNeXX(21):8.¢
ACT/64++9TQDO4
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]
SEEPT EVENT,23
ACT e o HALT? i
L '
H {{ AIRCRAFT CONTROL TalY¥ » !
ACCLT GOON
&TH
ASSICH,ATRIB(1)=36.,ATRIB(2) =USERF (1) +ATRIB(3) =74y
ATRIB(4)=1.7
ACT/381 0 CRITTS
ACT.ATRIB(2)}
GOON:
ACT XX (62) +»ACCLT S

i <C TURN TO NEW HERDING TASK »
TURN  GOONi
ACTi
ASSIGN/ATRIB(1) =48, ATRIB(2) =RNORM{18.+9.+1) +ATRIB(3) =8,
ATRIB(&)=1.7 j
#CT /7481 CRITTS

i (C FENCE CHECK TASK >)i
FNCE ASSIGN/ATRIB(1)=74,+ATRIB(Z)=RNORM(28.5¢7.52:7}1ATRIB(3}=5.4
ATRIB(4}=6.3
ACT» o1 TASKA:

{( DEFENSIVE MANEUVER TASK >

{C DEFEMSIVE MAHEUVER AND SET STRESS SWITCH FOR THE »

< DEFENSIVE MANEUVER »
EFM  GOONi

ACT:
ASSIGN: XX (75)=XX(75)+1.¢
ACT+ o 1 HANV? i

'

t {C AFTER 14 MIN. STRESS FROM DEFENSIVE MANEUVER IS GONE »
ACT,406.1+5ADJ}

SADJ ASSIGN, XX{75)=XX(79)-1.}
ACTy o HALTS

MANV  ASSIGNsATRIB(1)=75,+ATRIB(2) =RNORK(36. +5.+5) 1ATRIB(3)29.+

ATRIB(&)=1,;

ACT/75+ 01 CRITTH

i {/ ECK TASK »
ECMLS ASSIGN/ATRIB(1)=8.1
: ACTi
ECK  GOON+ 13
i < STOP THE LOP OF PREVIOUS LEGS »)
ACT» +ATRIB(2) NEXX(79) 1 HALTH
ACTi
<C NOTE THE LEG THE INTITY WAS GERERATED ON )
ASSTCN,ATRIB(2)=XX (793
ACT EXPONCXX (71} 96} ECHLS}
<< LET SERVICE OF THE TASK DIE IF IT IS A LOOP STARTER »
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ACT,+ATRIB(1).NE.999.7
ECHPR ASSIGNsATRIB(13=76.9ATRIB(2)=USERF (2} 1 ATRIE(2}=T .y
ATRIB(4)=2.+XX (74} =DRAND(7) ¢
# {( TEST TO SEE IF A DEFENSIVE MANEUVER IS REQUIRED »»
ACT» o XX(74).LT.XX(73) 1 DEFM}
ACT/T611 1 TASKG}
i (C SET THE ECX STRESS FACTOR »)
ACTy ¢ ECHSF?

[
i < ADJUST STRESS FACTOR FOR ECM IMPUTS 3>
ECNSF ASSIGN:XX{74) = XX(7&) + ATRIB(Z)i
#CT, 128,
ASSIGN: XX(76) = XX{T76)- ATRIB(2}]
ACTy o HALTS

§ << FUEL SHITCHING TASK »)
GASH CREATEy+@.011 '
ACT;
ASSIGN:ATRIB(1)=81./ATRIB(2) =RNORM(1.1¢.76+7) +ATRIB(3) 24, ,
ATRIB(4)=1.;
ACT/81+RNORM(988. 1188.,7) 1 TASKD}

L L L i«
{ GQUEUEING SYSTEM FOR AIRCRAFT CONTROL: TURW AND >)
{{ DEFENSIVE MANEUVER TASKS »
L L L L L L L i
RITT GOONd
acTs
ACT 4+ TODO?
PREEMPT (2) JHICH(3) +PiLOTr e 6}
ACTH
<{ CHECK FOR THE PROBABILITY OF AN ERROR BUE T0 »»
{{ STRESS--IF ERROR SEND THO TASKS BACK FOR »
{{ SERVICE--ONE TO CORRECT ERROR AND ONE TO APPLY »
{{ THE PROPER CONTROL INPUT »
EVENT: 1}
ATy
SKIP  ASSIGNsXX(96) =DRAND(7) + XX (78)=XX(97)-.83]
ACTy o XX(98) LT XX(78)CRITT}
ACT o o XX(963.LT. XX{T78)CRITTS
ACT/31+ATRIB(2) +»RELCH
aCTH
ASSICNsATRIB(2)=ATRIB(2)-.901 .13
ACT/ATRIB(2) +ATRIB(1).EQ.48. .OR.ATRIB(1).EQ.75. +ADJCT?
ACTy o ¢HALT}
{¢ TASK QUEUE »

€ wma wma ws e

H
'
§  {C RESQURCE STREY (SHORT TERM MEMORY) ALLOHS 2 TASKS IN »)
i {C THE MULTIPROCESSING SCHEME AT ONE TIME »
TASKQ COON?

ACT 9+ T000+

ACTY
AVAIT(1),STHEM:

ACTy10STRSSH
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H
?  (C REACCOMPLISH TASKS BASED ON STRESS TEST »
STRSS EVENT, 141}
aCTi
OUT  ASSICN XX (96)=DRAND(D) §
¥ < IF THE RANDOM NUMBER IS LESS THAN THE STRESS »»
i (CTOTAL [XX{(97)]1 REACCOMPLISH THE TASK »
ACTs o XX (96).LT.XX(97} TASKGS
. AT
GOON 14

{C MULTIPLE SWITCHING BETWEEN T4SKS SCHEME )

<< ATRIB(4) INDICATES MULTIPLE SERVICE SPECIFICATIONS »
ACT+1ATRIB (4) .EQ.1.,ASGLS
ACT »ATRIB(4) .EQ.2.,ASG2}
ACT+ ATRIB(4) .EQ. 3. +ASC3i

{C IF MULTIPLE SERVICE SCHEME IS KOT SPECIFIED BREAK THE ) ¥
{C SERVICE UP BASED ON TASK TIME »
ACT+oATRIBIZ) [LE.3. rASGL}
ACT+ +ATRIB (2) .LE. 6. +ASGZ}
ACT++ATRIB(Z) .LE.12,,ASG3T
ACT»oATRIB(2) .LE.24.,RSC4}
ACTy +ATRIB(Z).CT.24.ASGS?

1
i CC ATRIB(S) = KUNBER OF TIMES THE TASK WUST BE PROCESSED »
i {{ T0 COMPLETE THE SERVICE »
ASG1  ASSIGN:ATRIB(S =1.}
ACTy ¢ SERVAS
ASGZ ASSICN)ATRIB(S)=Z.+ATRIB(2)=ATRIB(2}/2.} ]
ACTr» 1 SERVA? :
ASG3 ASSIGN:ATRIB(S)=3.,AIRIB(2)=ATRIB(2}/3.} g
ACT 1 SERVGS i
ASGE ASSICNsATRIB(S)=4.,ATRIB(2)=ATRIB(2} /4.3 i
i
]

4CTy ++SERVE}
ASGS ASSIGN/ATRIBIS)=5. ATRIB(2)=ATRIB(2) /5.7
ACTy 22 SERVA:

{< TASKS ARE SERVICED SERIALLY BY RESOURCE PILOT ») :
SERVQ@ ASSIGN.ATRIB(6} =ATRIB(Z}3 !

ACTS ;

ANAIT(3) 1PILOTS i

ACTIVITY/L/ATRIZ (6} 1 3ELE ‘

REL  FREE/PILOT/1} ,

ACTy +1ACOMP; ;

ACTS :

i ;

§ (C ADMST AND CHECK SERVICE COUNTER AND » :

§ (C SEND IT BACK FOR “AE STRVICE IF RZQUIRED > ;

§ CC IF THE TASK i3 COMPLETE ALLON ANDTHER TASK 3 1

i ¢C TO ENTER THE SERVICE Sriond ;
ADJST ASSTCN+ATRIB(S) =ATRIE\S -1, .35

ACT++ATRIB(S) .GT. 4. s SERVIY
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ACT+2ATRIB(S).EQ. 8. MORE}
KORE FREE,STHEM/1}
ACT 2+ SYSCKS

{C IF COMPLETED TASK IS A OPS CHECK MARK THE COMPLETION TINE O
ACTy,ATRIB(1).EQ.19.,SYSLES

{{ IF THE COMPLETED TASK IS A NAV PGINT SEARCH >
{C CHECK SUCCESS OF THE NAV PT SEARCH »
ACT. (ATRIB(L) (EQ.22.4SEEPTH

- ma @

i
»  (( RELEASE RESOURCES THAT PREENPTED OTHER TASKS ))
RELC FREE/PILOT/1§

ACT ¢+ 1 ACOMP?
H
H {{ REMOVE FLT CONT TASKS INPUT DURING TURNS))
' {{ & DEF MANEUVERS »
ADJCT EVENT:3}

ACTre o HALTH
H
' {{ DETERHINE IF AN OPS UHECK IS APPROPRIATE )
SYSCK ASSIGNs XX (S5) <USERF(3) 427

ACT s XX(55).EQ.1.+SYSPR}

H

i <{ SEND COMPLETED TASKS TO RELEASE SWITCHES ¥
ACT++ATRIB(1).EQ.2./AB2}
ACT+oATRIB{L) .EQ.3. 1083}
ACT« ATRIB(1) .EQ. 4. 404}
ACT+ ATRIB(1) .EQ.S. 485}
ACTHoATRIB(1) .EQ. 0. 1ABL}
ACT ATRIB(D) .EQ.7.AB7}
&CT+ ATRIB(D) .EQ. 5. ABS}
ACT»ATRIB(1) .EQ.9. 409}
ACTo ATRIB(1).EQ. 1104114
ACTATRIB(1) .ED. 12,0812}
ACTy oATRIBU1) LED. 13,4130
ACT+1ATRIBUE) (EQ.19. 0419
ACT++ATRIB(1).EQ.22. 8227

i
# €. CHECK SUCCESS OF THE NAV POINT SEARCH »
t ({ SUM THE SERVICE TIMES OF ALL TASKS FRESENTED »»
TODO EVENTS¢

ACTo v o HALTS

f
i €< SUM THE SERVICE TIMES OF ALL TASKS ACCOMPLISHED »>
ACOMP EVENT 4

ACTi
HALT  TERMINATE}

§  <C THESE NODES RELEASE THE ND MWULTIPLE TASK SWITCHES »»
A2 ASSIGN:XX(2)28.}

ACT21¢STOP;
AB3  ASSICNIXX(3):0.%

ACT++STOPS
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AG4  ASSICN.XX(4)=0.;
ACT 1 STOPY
B35  ASSION(XX(5):=8.i
ACT»91STOPY
AB6  ASSICN:XX(4):0.}
ACTr e oSTOP?
AT ASSICN/AXN(D)=0.
ACT+ 1 1STOPS
ABS  ASSICN)XX(8):0.; (
ACT»1+STOP} j
499 ASSICN)XX(9):=8.} :
ACTy 19 STOPS l

Al ASSIGN XX (11)=f.¢
ACT 11 /STORS
A12  ASSIGN:XX{12)=.3
ACTy#45TOPI
A13  ASSIGNXX(13):=8.}
ACTy1+STOPS
A19  ASSIGN:XX(19)=8,
ACTy+STOP?
R22  ASSICN,XX(22):=8.%
ACT 12 STOPH
STOP TERMINATE!
ENDNETHORK

-

{¢ RUN LENCTH )
NIT»8.01808.7

i

i

I

§

i <C INITIALIZE PARAMETERS FOR FUEL SKITCHING AND )
§  {( STRESS SWITCHES FOR DEF MANVS. SYS MAL AND  »
i ({ NAV POINT SEARCH SUCCESS »
I

i

i

i

§

NTLC XX (790 =8, o XX (1) =8 o XX{78) 28, XX (21} =L o XX(TT) =0, 1
{{ NEGATIVE SEEDS FOR HALF TOTAL RUNS & POSITIVE )
{{ SEEDS FOR THE REMAINDER T0 USE ANTITHETIC »
{{ REDUCTION TECHNIGUE » ?
EEDSs-695781-469611-93969+-61129+-43211,-97336 |
-675841-12265+-21382,-548923 '
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SIMULATE
SEEDS:69378+48951192969161129,43211: 47336»
87584+ 12265,21382+54892}
FINi
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Appendix C

Distribution Tests

This appendix contains six statistical tests that
were used to confirm the results of the input distribu-~
tions specified in the model. Six Kolmogorov-Smirnov tests
were used to test the distributions for navigation leg
lengths, navigafion point search spacing, navigation task
service times, turn service times, and flight control

task times.

132




Leg Length
HO: The leg lengths are from a Normal (420.,90.)

distribution.

le The leg lengths are not from a Normal (420.,90.)
distribution.

----- KOLH°COR6V - SMIRNOV GDODNESS OF FIT TEST

TINE
;
| TEST DIST. - NORMAL (MEAN =  428.6888 STD. DEV. = 94.0008)
i
i CASES MAX(ABS DIFF)  MAX(+ DIFF)  MAX(- DIFF)
: Il 4911 4911 -.2383
r K-S 2 2-TAILED P

S8 .89

|
b

.624 > ,4911; therefore, fail to reject HO at
alpha equal to .05.

Time Between Nav Points

H.: The time between searching for nav points is
from a Normal (240.,15.) distribution.

1 The time between searching for nav points is
not from a Normal (240.,15.) distribution.

----- KOLMOGOROV - SMIRNOV GOODNESS OF FIT TEST

TINE
ST DIST. - NORMAL (MEAN = 248.9006 STD. DEV, = 15.0088)
CASES HAX{ABS DIFF) NAX(+ DIFF) HAX(~ DIFF)
11 3228 »2138 -.32208
K-§512 2-TAILED P
1.668 i

.391 > ,3220; therefore, fail to reject Ho at
alpha equal to .05.
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Navigation Service Times

Ho: The time required to find a nav point once

search begins is from a Normal (6.,1.5) dis-
tribution.

1° The time required to find a nav point once

search begins is not from a Normal (6.,1.5)
distribution.

----- KOLMOGOROV - SMIRNOV GOODNESS OF FIT TEST

TIME
TEST DIST. - NORMAL (MEAN = 6.0088 STD. DEV. = 1.5868)
CASES HAX(ABS DIFF) HAX(+ DIFF) HAK(- DIFF}
12 1567 1474 - 1567
K-§ 1 2-TAILED P
S22 948

.375 > .1507; therefore, fail to reject H

0 at
alpha egqual to .05. ‘

Turn Servicing Time

HO: The time required to complete a turn is from
a Normal (18.9.) distribution.

Hl: The time required to complete a turn is not
from a Normal (18.,9.) distribution.

- - - - KOLMOGOROV - SMIRNOV GOODNESS OF FIT TEST

TINE
TEST DIST. - NORMAL (MEAN = 18.8380 STD. DEV. = 9.8068)
CASES KAX(ABS DIFFI MAX(+ DIFF) MAX(- DIFF)
S L3622 .3622 -.2331
K-§ 2 2-TAILED P
818 528

.565 > .3622; therefore, fail to reject H

0 at
alpha equal to .05.
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Flight Control Movements

HO: The periods of flight control movements are
from the empirical data used in the program
for movement periods.

Hl: The periods of flight control movements are
not from the empirical data used in the program
for movement periods.

"
"

1. 2. MAX(ABS DIFF)  MAX(+ DIFF}  MAX(- DIFF)
58 1 1866 1960 -.$368

K-$ 1 2-TAILED P
R:74] R 1)

.1274 > .1080; therefore, fail to reject H, at

alpha equal to .05. 0

Flight Control Non-Movements

HO: The periods of flight control non-movements are
from the empirical data used in the program for
non~movement periods.

1° The periods of flight control non-movements are
not from the empirical data used in the program
for non-movement periods.

z 1. z ¢, RAKIABS DIFFY  HAX(+ DIFF)  MAXI- DIFF)
458 26 1793 1793 -.00p

K-$ 27 2-TAILED P
735 949

.2026 > .1793; therefore, fail to reject Ho
alpha equal to .05.
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Appendix D
ECM Task Initiation Data

This appendix contains a table of the data deter-

mined from the threat array model.

-v:

e i e e B e el e A mb.
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T TRe TmETET W v o4V
.

DEFENSIVE REACTION TASK INITIATION DATA
z Pk Rarnge
} Altitude A B C D Total¥*
;
! 1000 142 64 42 32 248 :
(57%) (26%) (17%) (13%) (100%) **
500 64 97 7 1 168
‘ -{38%) (58%) (4%) (.5%) (68%)**
250 42 38 2 o] 82 '
(52%) (46%) {2%) {0%) (33%)**
*Total B + C
.01 to .10
.10 to .20

wuwuwun+

= A
A
B
C .20 and greater
D .30 and greater
**This percentage is the total for that altitude
divided by the 1000 foot total.

e

!
!
,.

137




Appendix E

FORTRAN Program for Aircraft Control Movements

This appendix contains the flow diagrams, FORTRAN
code listing and an example verification run of the program
used to reduce raw data of stick position to periods of
movement and non-movement. Voltages for the verification
run are in thousands because actual data was divided by

ten before the results were recorded.




RECORD
PITCH AND BANK
VOLTAGE

Fig. E-1. Flow Chart (Recorded Data Section)
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Fig. E-2.

IRITIALIZE
- THE
PROGRAM

?

CALCULATE:

[3
PITEH Ve, = 12 V),

BANK Vive, « L %Y[‘r-,.,..]‘

Flow Chart (Set Pitch and Bank Base)
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Fig. E-3.

11 = IWORK

| IWORK = 0

®

NWORK =
NWORK+2
| = 4]

Teapur(d) = (LR Y
TeKMVTY
U= T4 nvworg
Nweek s o
T2 I+

I=t1+)
el +]

HARK = 2

O

Flow Chart (No Stick Movements)
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Fig. E-4.

Al

ARLL 4t
Y
l’-_utso
t-:«t-o
Yot

IF
NWORK >0

165

If
IwWorKel

IVt (33)- T -Tecmy]

JekMy= i

T =iL +IwoeK
Iweas O
ITed4

51

I 1= }+NWORK

NWORK = 0

O

IWORK =
IWORK+]
b=+

e+
I=qf4+]

IMARK = 1

@ |
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Flow Chart (Stick Movements)




PROCRAM DISTRL (INPUT/OUTPUT, TRPCSTARELTAFETY
DIMENSION PSTIK(SEIBY  INKNTISEZ ) INTVEISEI ST 1L 100

€
1641 FORMATI18X FQ.S 1 F18.5:15012F5.3)
1842 FORMATIIB(2Xs 1))
c
K=t
KNN=# !
) 0
N P R ER IR R R R R R ER R R RRRRER RS RR SR RZRRZERL2 L)
C
¢ 80 LOCP 26 READS DATA AMD DETERMINES WHETHER OR NOT
C AIRCRAFT IS IN A RECORD BLOCK: NN CHAMCES BASED ON
¢ NUMBER OF DATA PFOINTS
¢
c 3435413283335 843 8134933403334 HE 11131 11144300 00
" \

NN=6564
00 38 1=1KK
READ(S:1881) ALAT)ALONG BMOVE,PHOVE
IF(ALAT.CT. (36,3144) AND,ALAT.LT. (36,45} -
# AKD.ALONC.CT. (- 11,351 .OR, i
$ALAT.CT. (35.5) . AND.ALAT.LT. (3¢.65) ;
2, 6ND, ALONC.CT. 1-11,25) .0, ',
$ALAT.CT. (36,4833) . AND. ALAT. LT, (2.7332) i
# AND,ALOKG.GT. (-11,251,CR, :
$ALAT,CT, (3L.64567) AND, i
SALONG.CT. {-11,35) ., AND. ALONG.LT. (-11.26657) .OR,
$ALAT.CT. (35,25) ,AND. ALAT.LT. {36.45)
#,AND,ALONC.LT. (-11,356331) GO TO 3t
€0 10 38 '
31 BSTIK(N)=BMOVE
PSTIK (M) =PHOVE

R=he
3 COPTINUE
€
KK=$
KKK=§
¢
NNN=H-1 1;
C
[ 434313 MMM NI M R IR 431 143331303 133 g%
¢ !
< ¢ Jdr TRACKS THE NUMCER OF MOVEMENTS IN THE DISTRIEUTION ;'
1 ¢ Jdr TRACKS THE NUMEER OF MO MOVEMENTS [N THE DISTRIBUTION t
i ¢ 11y RESETS THE CQUNTER FOR TRACKING LENGTH Cr MGvEMENT :
c AKD LENGTH OF NOM-MOVEMENT
f ¢ IMARK, DEFINES WHETHER THE STRING BUILDING IS A MCVENENT ;‘
i ¢ OR  NON-MOVEMENT :
{
! |
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P IIMDEICIICICIICICICI )OI

A EPIEIEIMIOIOOINOD

IBAS®) ESTABILISHES THE BASE FCR PITCH

TBASE: ESTABLIGHES THE FASE FOR EAAK

ICKAV» SERVES AS A POINT WHICH ESTACLISHES The LZCINNING OF
HOVEMENT OR NON-MOVERENT

PCERU» UPFER LIMIT FOR CHECKING NEED FOR PITCH DASE CHANGE

PCEKL: LOSER LIMIT FOR CHECKING XEED FOR PITC+ E~SL CHANGE

BCEKU: UPPER LIRIT FOR CHRECKING NEED FOR EANK EASE CHANGE

BCEKLy LCNER LINIT FOR CHECKING NEED FOR BANK BASE CHANGE

PEODU» PITCH BASE BOUNIRY UPFER LIRIT

PEODLs PITCH BASE EOUNDRY LOWER LIMIT

BEDDY» BANK BASE BOUNDRY UPFER LIMIT

BBODL» EANK BASE EGUNDRY LONER LIMIT

IWORK: IDENTIFIES THE STRING EEING BUILT &S MOVEMENT

NRORK+ IDENTRFIES THE STRING BEING BUILT AS NON-MOVEMENT

HHHHHHHHHR R RHHH B H I H

J=1
Ji=1
f1=¢
INARK=4
IBASP=0
1ERSE=0
ICKWV=¢4
PCEKU=§
PCEKL=¢
BCEKU=¢
BCEKL=4

PEODU=.882
PRODL=-.862
BBODY= . 982
BEODL=-.082
INORK=4
KNORK=¢

KNR=RNR-6
I={

FHH I I M I M A T T R A I R A R R I N I A I M I M I )

4 - START OF A LOOP WHICH CHECKS EACH PITCH AD BAKK VOLTACGE
DETERMINES IF IT IS A NOVEMENT OR NON-MOVEMENT

SIHA IR I I M R R R AR R P P I A R M R 3 0

PBILD=¢

BBILD=¢

IP=1+4

TFCT.CT.NNNL €8 10 9t
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i1

[ 3 o ]

M IICICICIMDDM™

HBHHBHBHH I TG T MR
DETERMINE AVERACE VOLTACE FOR V(INGN+1) TERU (V(TNQN+4)

IN PITCH AND BANK
FHHBBHHHHHHHH BT HRR HIRY

03 11§ K=14
PBILD=PBILD+PSTIK(IPY
BEILD=EBILD+BETIKIIA
1P=1P4+}

CONTINUE
PCHEK=PBILD/¢
BOHEK=BBILD/S
PCEKU=PCHEK+, 802
PCEKL=PCHEK-. 882
BCEKU=BCHEK+ . £82
BCEKL=BCHEK- 882

IP=141
SHAHBHHM BRI

DO LOOP 126 CHECKES FOR BASE CHANGE IN PITCH
BO LODP 211 CHECKS FOR BASE CHANGE IN BANK

FRIFREIINIREI NI R I M R4 S0 HE 11 13184140430 04303

DO 128 K=1¢

TF(PSTIK(IP) .GT.PCEKU.OR.PSTIK(IP) LT, PCEKL) GO TD 48
1P=1P+1

CONTINIE

IF (PBODU.EQ.PCEKY. AND.PEODL,EQ.PCEKL] CO TO 46
PBODU=FCEKY

PBODL=PCEKL

IBASP=1EASP+1

IP=141

B0 121 K=1b

IFBSTIK(IP) ,CT.BCEKV,OR.ESTIK(IP) LT BCEKL} GO 10 43
IP=1P+1

CONTINGE

[F (BBODU,EQ, BCEXY . AND, BEODL ,EQ. BCEKLICO 10 43
BBODU=BCEKU

BBODL =BCEKL

IBASB=1BASE+
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MU I A I 3 3 A M M

THE FOLLONING IF STATEMENT DETERMINES WHETHER OR NOT
THE STICK [S MOVING

M R H
3 IF(PSTIK(D) .CT.PZIDY.OR.PSTIK(I) . LT.FEQDL
#.0R.BSTIK{I).GT,BBODY.OR,BSTIK{1} .LT.BBODL) GO 70 H1

mMPOIOOOOO

FHMH I T T H I H B I I I

THE FOLLOWING SECTION TRACKS NON-MOVEMENT PERIODS

HIFHB I I I Y

DI IOHIOOIOD

TF{{IKARK.EC.2.0R. IMARK.EQ.6)
#,AND. (IWORK.EQ.B.AND.NNGRK.EQ. 81} CO TO 42

IF(IHORK.CT.B) GO 10 142
€0 10 161
162 11=T1+1K0RK
INORK=4
Go 10 42

161  IF(NNORK.LE.1} GO TO 46
INOVE(J)=11-ICKnY
ICKHV=11
11=T14NUORK
NNORK=0
J=dH

2 =14

11=11+}

IF(I.CT.NNN) €O T0 91

IMARK=2

G010 4

46 NNORK=NWORK+{

1=y
€0 10 4
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N SHHHHHHH RN
£
¢ THE FOLLOWING SECTION TRACKS WOVEMENT PERIODS
¢
¢ I B H B P HEHEH
¢ .
41 IF(UIMARK.EQ. 1.0R. IMARK.EQ.BY
#,AND. (IWORK.EQ.B.AND.KNORK .E.6)} GO T0 §1

¢

IF(NHORK.GT.8} G3 TO 144

€0 10 145
164 TI=T1HORK

NHORK=6

€0 10 51
c

165  IF(THORK.LE.D) §O TO 47
CINNT (= L1 TOKW
ICKAV=11
H=114INORK
INORK=6
=
St I=Dat
M
1FULCT.NNN) 6O T0 91
THARK =1
€0 104

&7 1HORK=THORK+

=14
Co 104
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P S

b
;
l
;

=T W

208

218

J=d-1

Jd=dJ-1
[BAL=11-ICKMV
IA=8

18=4

1AA=¢

D0 288 I=1,J
TA=TA+INOVE(T)
CONTINUE

D0 218 I=1»JJ
IB=IB+INNNT(D)
CONTINUE

1AA=1A+1B

PRIKTS, " ©

FRINT#," "

PRINT#,"NUNEER OF TIMES THE PITCH BASE NAS CHANGED ="»IBASP
PRINT#,"NUMBER OF TIMES THE BANK BASE NAS CHANGED ="+]BASB
PRINT#," ¥ :

PRINT#,"NUMEER OF PERIODS OF MOVEMENT  ="»J

PRINT#,"NUMBER OF PERIODS OF NQ MOVEMENT ="»dJ

PRINTS,"

PRINT#»"NUMBER OF TENTHS OF SECONDS = ":IAA

PRINT#,"

PRINT#,™ NUMBER OF TENTHS NOT ACCOUNTED FOGR = "+IBAL
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e et s

t
¢
KKK=J
K=t
K=18
¢
WRITE(6)#)" 258 FEET» PILDT 3,MOVEMENTS"
¢
88 MRITE(6,1882) (IMOVE(KK} 1KK=N+K)
J=4-18
N=N+19
K=K+18
1F14.CE,18) GO 70 28
IF(J.LT.16.AND. J.CE.6) GO TO 82
G0 10 8t ’
82 K=KKK .
G0 70 8@
¢
4
i 81 KKK=JJ
WRITE(79)™ 253 FEET» PILOT 3 +ND MOVEMENTS"
N=1
k=18
9%  WRITE(7,1882) (IMMNTLKK) »KK=N+K}
JdzdJ-18
N=N+10
K=K+18
IF{JJ.CE.16) GO TD 99
. IFJS.LT, 18, AND, JJ.GE.£) GO TO 92
GO T0 158
92 K=KKK
G0 70 98
¢
15¢ SToP
END

\
1
|
;
t
i

I o
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LAT LONG BANK PITCH

.4 -1 830 398
6.8 -11.8 383 608
3.4 -11.4 088 833 .6 sec no movement
.4 -11.4 23 L0883
Bt -11.4 £93 (580
4 114 30 NIH
¥4 114 083 683
.4 114 B85 885
36-‘ '11-4 -6“7 .567 .9 sec movement
.4 -114 318 818
.4 -11.4 513 818
.4 -11.4 219 619
6.4 -11.4 817 817
B4 -11.4 813 013
.4 -11.4 335 .635
b4 -4 B88 .08
3454 -11.4 863 KT
%4 -11.4 389 833 .8 sec no movement
6.4 114 088 568
4 -11.4 298 808
3.4 -11.4 087 897
k70 SRS UF SRR A ¥
b4 -11.4 DL R 5
.4 -11.4 833 833
<34 -11.4 835 835 9 sec movement
i TY% SIS § 1 SR PN ¥ *
6.4 -11.4 (352 688
6.4 -11.4 881 831
6.4 -11.4 985  .985
.84 -11.4 888 209
B4 114 -304  -.884
B4 -11.4 -.086  -.088

Fig. E-5. FORTRAN Program Verification Data
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CONTINUED

3.4
35.4
36.4
35.4
3.4
3.4
3.4
364
36.4
3.4
3.4
38.4
3.4
3.4
3.4
36.4
. 3.4
3.4
3.4
3.4
, 36,4
3.4
3b.4
3.4
3.4
3b.4
3.4

-11.4
-11.4
-11.4
-11.4
<114
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4
-11.4

883
883
883
883
833

883

882
N DX
.843
683
N1
887
.888
.29
619
.81
NI
.889
808
-.682
-.883
-.604
-.897
-, 888
-.812
-.B15
-.018

283
.B33
063
683
683
803
602
633
.883
.883
886
637
828
B89
.Bi3
.811
819
889
.38
-.882
-.883
- 834
-.887
-.B93
-.812
=815
-89

1.8 sec

mo novement

Example of
smooth move
ment

no recorded

.9 sec

movement

Fig. E-5--Continued
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CONT INUED

.4 -11.4 0 -0 -.60t
36.4 - 114 BE3 N:E
b4 -11.4 383 .83 1.2 sec no movement
b4 114 823 B33

36.4 -11.4 093 . 098

3.4 -11.4 £ .08

36.4 -11.4 48 NP

3.4 -11.4 B39 B33

3.4 -11.6 B30 688

.4 -11.4 0 88 .93

.4 -11.4 £33 .08

.4 -11.4 £38 N

.46 114 B85S .B8S Not recorded by

.4 114 B35 885 program because it
.4 -11.4 835  .885 was building

.4 -11.4 B35 .85 when run ended

3.4 -11.4 038 803

.4 -11.4 0306 608 Program does not look
.4 -11.4 983 903 at last seven points
.4 -11.4 820 .882 on a run.

3.4 -11.4 860 B8
3.4 -11.4 B8 B8
3.4 -11.4 848 N:1Y

END
RESULTS OF RUN

NUMBER OF TIXES THE PITCH BASE WAS CHANGED =3
MBER OF TIMES THE BANK BASE WAS CHANGED =3

KBER OF PERIODS OF MOVEWENT =3
MBER OF PER[ODS OF NO AOVEMENT =4

WBER OF TENTHS OF SEMONDS = 7i
NUNBER OF TENTHS NOT ACCOUNTED FOR = 4
MOVEMENTS
| 999
| NO MOVEMENTS
| 5818 12
‘ Fig, E-5-~Continued
1 e ————ree et
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Appendix F

Raw Data on Stick Movements

This appendix contains the raw data determined
through the FORTRAN program in Appendix #. This data
was used to determine the flight control input distribu-
tions for use in the model. Histograms of this data are

presented in Appendix G. Data is in tenths of seconds.
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108 FEET) PILOT A + MOVENENTS®
15 e TR ¥ 9 s 3
LT T N 1} 3 I
5 [ " s 3 3 3
15 1 1w I n
13 8 » w 9 ¢
¢ I L
] t 515 ¢ ¢ u
t 9 ¢ 4 «t " 4
¢ 1 1 | f 0w
1 [ ¢ 1 ¢ u ¢
I TR | 3 1 ? H
« S 8 n CR
2 t s 15 6 5
: 5 Wwoowon b ’
p 4 1 1 ) l )
L ] t u 4 3 n
1
; 1608 FEET) PILOT B o MOVEWENTS®
18 T 12 n [
w15 ] $ v a3 n
“ u ¢ TR < I 8
- N 1] ¢ 2 0w R
15 n s 4 8
1 1 1B o A é
1 $ ' ] 15 13 § 2
5 S 2 T I A '
1 s 3 12 & 18
12 3o 5 u 2
T I - (S TR V'
t ¥ u 4 s z 0 n
% 15 2 0 1T 8 8
1% s 5 4 4 [ |
1 $ K] [ 5 N
S non 15 15 TR 1
ABHP FEET) PILOT C o MOVEMENTS"
] TR T n 5 3
TR T T " D A
L | SR T S ' 7 LI 4
n !t v B & n @ n
1 S BN 12 13 u
¢ ¢ 125 g 18
! on % Wk 1 1
9 s § 13 0B & 1
18 LA - S < N U - JE
n 0 s ¢ 4
» | * 15 B n 1
L] 8 | 9 ¢ s n
t I % 3 n 3
5 2 t n 1 2
. I 0
UBINGERS INDICATE TINE IN TENTHS OF SECONDS)
Fig. F-1. Raw Data, 1000 Feet,
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1689 FEET) PILOT Ar KO MOVENENTS®

1 ) 3 $ k] 1 a3 87 " é
3 1§ 3 13 9 " 15 7 7 8
é n 8 15 3 12 43 ? 8 w
u 4 ? ¢ 3 13 (3 (3 % L]

4 1) 1 1 3 u 16 3 S [
¥ ] 8 18 o 1" 19 3 ¢ 4
1Y “ u 7 1" 9 12 12 4 S
o 1" [} L] 19 i 8 pd % n
S ? 3 B 8 3 19 3 13 16
¥ 4 3 3 4 (] 17 ? ] "
3 H 19 u ? § 18 8 é 4
¢ 5 112 W 13 3 u ] 7 4
13 12 4 ¢ 1" 9 10 1 é 1
1 H 1Y é " 7 1 ) n 18
L ¢ $ 3 " A 3 16 8 3
] L 1L ] 1" 4 E,

1688 FEETy PILOT B, KO NOVEMENTS"

7 ) 19 12 L&) o 17 3 L]
E 19 1" 4 7 ¥ 4 7 R £
3 LX) ? 1% ¢ ) 16 4% 7 9
n $ u ? 38 32 % " {1 k)
L} u 18 ] (4] 3 1 13 $ &

7 é ] 3 1 3 7 12 7 ]
u 16 4 L 56 u % 4 15 3
1 k] 0 1 7 7 t 8 3 S
1} ¢ " ) u i1 3 u 12 8
17 ] é 15 A L} é 2% 8 §
13 $ i ] 3 n b} 8 1$ [}
1] 3 ] L] 18 $ ] 16 S 17
i $ le a 8 H] ? 1 3 U
! 1y ] " 5 4 kL 3 9 3
B [} ? § 4 ? 4 3 25 14
9 3 $ 4 ) ? 4 U

1699 FEET) PILOT €, NO MOVEMENTS"

1% é 7 39 | ] 17 15 3 i 62
7 3 1" 1} 7 § 10 9 8 8
3 L] 7 13 17 i 11 4 18 1l
s ¢ 11 14 A 2 k) S 12 19

19 1 18 P&] 14 3 i 14 16 3
é ! 1 ] 8 H i 31 H rd
s &} H 7 3 U w. 8 U
7 ¢ u ) it 3 9 S 1" 1

3] 15 ] & 1 3 [ L} 48 [y

[ ¥) 3 17 13 12 u ¢ 4 (3 12

u 4 1 43 kLl 19 12 13 7 1

18 4 13 k] L] é 2 S L1} 8

1] (4] 13 12 8 i# 13 F&] 1} 3

1 12 n 3 4 " n 1 1% é

n

(WUNBERS INDICATE TIAE IN TENTHS OF SECONOS)

Fig. F~2. Raw Data, 1000 Feet, No Stick Movements
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98 FEET, PILOT A, MOVEMENTS®

1) ) U ] 3 15 13 4 12 3
18 3 3 L&) 7 ) 1) 9 15 9
é ¢ 3 4 $ 10 13 3 12 4
s 12 L) 14 H] 3 4 16 3 9
? [ }3 ) é 4 1 13 15 S ¥
3 ] 7 S 13 ¢ L L] 3 4
3 S 13 8 L} 19 3 1 1 1
1 P 3 1] 14 4 " re] 4 é
16 * /3 12 13 ] ? 3 é 3
13 i 9 3 1 " 4 12 3 u
7 $ 3 3 H 3 1" 7 7 13
12 3 3 ] 5 3 ? é 19 7
1 L 12 3 1 19 H] H) 9 3
\J L 1? i S L] 11 8 13 ,
$ s 1 H] ?

S48 FEET, PILOT By  NOVEMENTS®

i 1) Q i ] 4 37 ] ® 15
14 u 17 4] 1 43 5- N 1" i
13 3 17 u 3 -] 8 4 28 18
4 a 13 4 U 8 L B U é 4
$ ? ¢ 19 4 1 H 4 3 14
u 1 ) 1" 4 4 [ ©® 73 $
" 3B 1] [} 15 19 & 73 1 14
$ H 7 4 ) 17 u 9 17 29
3 4 8- 13 16 3 15 7 8 12
¢ 8 U u 4 % 4 4 4 1
X I 17 4 4 " L&) 18 Q3 13
é 7 * 18 f28 3 L] u 59 13
13 18 u ¢ 29 8 u ry 8 i

“ 1"
S0 FEET) PILOT € MOVEMENTS®

19 kL] k74 4] 12 8 8 15 AU é
44 4 ) é 13 ] 'Y 9 7 3
é 4 3 L v 4 i ] ] )
$ U 15 4 4 9 % $ o S
k) 1 3 u 48 L] 12 18 k74 1"
é | N L) 18 i8 9 28 12 1"
» 17 b 8 29 13 12 u 19 8
¢ ) ] 2 k| $ ] i [ u
12 1 1+ ] S 3 B u 12 ¢
13 7 é 174 (K] 2 7 ) 3 1
3 £} ] il 13 17 n -3 “" L]
k) 1" 15 i ] ki k] 1 8 n
s 14 1 ) é 55 H) 7 1 7
é 3 4] ] 3 4

(NUNBERS IKDICATE TIMZ [N TENTHS OF SECONDS)

AN

Fig. F-3. Raw Data, 500 Feet, Stick Movements
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SO0 FEET .« PILOT A +NQ NOVEMENTS*

¢ n 8 u 9 B % 2 N
' T ] H 9 ¢ ¢ 3 1
t PSR T E TR T SR ' AN ' $
5 S U 12 oon 1 15 0® 1 0n
% "It BT 1T 0 « N
¢ n ‘ I 0n ‘ ' 7 4 5
1" 8w 3 ‘ S % s 8%
T T N TR 'S T SN T B T B TORN T 9
L S TSR T ST P N wB T
1 a4 % 18 & ¢ 8 1B
% s 105 5 ¢ % s 1
5 o W 5 15 15 1 s 2
5 7 % nu t« o« ¢ n 9 9
¢« n ¢ u 10 ¢ 2 T 0w
LI I 1] i 9
69 FEET o PILOT B (KO NOVENENTS"

2 ] 3 ¢« T n 1 T )
« . q I N W 2 3
(LI TR T 3 8 [ 3 ¢ I 5
13 S TR BT 9 ‘ I
1 1 . 1T un n 3 ¢ 15 3
n oa ] 3 9 3 s 8 U 5
« @2 O T T I T R 718 5
' w5 % 1 3 [
s ) BT 5 7 9 $ [ 8
T \ 7 3 M %M 15 19 18
T 2 - 1 15 ] 15 B 1
# B B 18 5 6 % 15 S 6
TR | T % B 1 n 4 ¢ 1
®
S8 FEET o+ PILOT C NO NOVEMENTS™

. s ¥ 2 u LI | 6 u u 1 i
17 s ' 7 A VR - S VSR St .
? ' s uw B & 13 s 0 t
S u A 7T n ¢« 0w on
? 1 8 5 . PR 1
s W 8 5 17 % ¢ 17 12 7 1
T VBT 4 sy 17 2 a 3
% ' s 1 I PR s %
15 1 7 1 s 3B o« 3 18
15 1 ¢St 6 3 ¢ n
s 3 ¢ 3 s 1 1 b )
IR - B S 1 7% 1, 1 B3 1
] s w13 u It 8 1 '] .
5 12 0w B 3

ORMBERS INDICATE Tir iN TENTHS OF SECONDS)

Fig. F-4. Raw Data, 500 Feet, No Stick Movements

157




250 FEETs PILOT A »ROVENENTS*

13 1 s 12 s 1" s [ T}
18 ] 12 s ] ‘ 16 3 ' ]
) n 3 ? 12 ] 1 4 9 14
" 3 v 18 9 1 ! 3 12 13
1" ¢ U s v I 5 7 TR
] ¢ 12 7 1% 4 s s 3 $
7 12 13 7 6 [ 15 17 s A
L I T u 9 n 1 15 19 12 18
3 s 19 13 19 3 4 29 21 19
) ' ) s 2 ] 15 1" 1 9 |
% ' s 3 17 B i s ' !
N R T D T T T S !
1 5 ‘ ‘ 3 4 25 3 ‘ ' !
A ' 3 3 1 1 12 3 3 1% i
4 s 4 ‘ 3 ] 3 ¢ 13 12 ‘
L] ] 19 1 5 n 16 7 ] 1 i
2 ] 5 12 9 13 @ 5 14 1 ]
1 i
250 FEETy PILOT B (KGVEMENTS® %
1 ] 3 P £ n I B8 ¥ B |
7 i 1 53 15 16 % 2 7 ) i
n w w9 (%] 18 1 ) L) 3 i
® v 1 R 1 s, 13 2z 7
I 11 f % 35 3 3 1 3
3 s 8 W ] 5 9 n 7 s
1% 72 = 1 12 3 12 9 13 "
B8 3 14 u 5 18 18 ]
55 1 ¢ R 5 13 1% ? 18
s o 1 3 5 $ W 19 ) 9
2 2 U, u 3 T 15 % 3t
) n 1 1 1 9 18 19 3 1
) nos 7 5 i § 2 5 3
¢ - n 1 1 15 1 ] 3 3 12
2 n 1 2 H 5 3 1 " 12 !
F7) 3 5 8 15 ] 8 9 16 ;
1
k)

250 FEETy  PILOT C oMOVEMENTS®
1 n 3 7 3 17 ¢ 12 \J 7

13 1 S S tH 4] 16 3 L) n !
1" 44 LK L&) b ] @ 19 14 17 1 i
$ ) 4 is ¢ 8 P& " 4 3
3 4 R u N 15 3 4 1 £
4] (] 8 u 1 8 it 8 3 8
é ] é 3 $ 3 a 28 12 1

u k] a 12 u iz k] 7 3 13
b

18 4 19 1 1 9 8 ] L} ;
1 S ® £ L] ¢ L | 1
19 3 u 18 3 13 u ] 8 1l
3 1 u $ 4] § 9 7 15 3
i u 1% 7 ¢ U $ L] 18 8
1 u L) é n 3 4 1? H] &
] 15 12 ) 13 <] ) L i [}
" L 19 3 7 il H

(WRGBERS IRDICATE TI®E [N TEXTHS OF SECONOSI

Fig. F-5. Raw Data, 250 Feet, Stick Movements

ARSI AT

158




v ppaa— e

588 FEET o PILOT A 1K MOVEMENTS®

T T T
S R TR T
O T T T
< T S T R S
6 B 1 K%
PO T SR B
8 W w3
U B VIR 'R T
U TH B
8 o % w
TR R I
5 ¥ W B s
S 1 0% oun 4
T
L R TR ) B S
S48 FEET o PILOT B (KO MOVENENTS®
A )
T Y
8 B 5 3 w0
noow 9y o s
T IR Y B B
TR R R
T B TR
S R T
¢ 1 u % s
T 1 4« on 3
I 2 13- 115
» w8 s
2 1 3 u n
TN
90 FEET o PILOT C +NO NOVEMENTS®
s ¥ n w3
w0y 7 3
T8 s 0w on
S T 1T S TR
R B T
'O T T
TR - T S S
T T N
B 3 u 1
N 7 S B S 1
C S T S T
RN S S TR
g 10w 13
5 B oW n 3

QMMBERS INDICATE TIME IN TENTHS OF SECONDS)

Fig. F-6.

159

1
14

19
k]
43

15
LE}
3]

e B vl o nR® n

-
> o We

o2 we 8RBl

BEARGEERLES

- [and
- O o~

e uBaveNo

3}
16

19
17
3

4

16
19

CeBRwTulwabn.

it
13

13
1

i
18
12

1
4

Raw Data, 250 Feet, No stick Movements




Appendix G
Histograms on Stick Movements and Non-Movements

This appendix contains nine figures which display
histograms of the stick movements and non-movements for each

pilot at each altitude.
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Appendix H

K-S Tests of Aircraft Control Movement Distributions

This appendix contains the Kolmogorov-Smirnov test
results used to compare individual pilot data between

altitudes and between pilots.




TABLE X

K-S TWO-SAMPLE TEST
(p = probability)

Stick Movements No Stick Movements

1000 FEET

Pilot A with Pilot B p = .007 p = .978

Pilot A with Pilot C p = .001 p = .277 ;

Pilot B with Pilot C p = .140 p = .081 3

500 FEET

Pilot A with Pilot B p = .000 p = .022 ¥

Pilot A with Pilot C p = .000 p = .212 ;‘

Pilot B with Pilot C p = .223 p = .172

250 FEET .

Pilo. A with Pilot B p = .001 p = .125 j

Pilot A with Pilot C p = .133 p = .996

Pilot B with Pilot C p = .100 p = .047 f
;
;
1
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TABLE XI

K-S TWO-SAMPLE TEST
(p = probability)

Stick No Stick é
Movements Movements
PILOT A
1000 Feet with 500 Feet p = .130 p = .074 ]
1000 Feet with 250 Feet p= .877 p=1.0 '
500 Feet with 250 Feet p = .116 , p = .084
PILOT B
1000 Feet with 500 Feet p = .064 p = .354 ;
1000 Feet with 250 Feet p = .575 P = .320 1
500 Feet with 250 Feet p = .617 p = .158
PILOT C
1000 Feet with 500 Feet p = .994 p = .390
1000 Feet with 250 Feet p = .175 p = .544
500 Feet with 250 Feet p = .387 p = .983 %
|
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Appendix I

Analysis of Variance Procedure Results

This appendix contains SPSS ANOVA output for the

two-way ANOVA and the one-way ANOVA with a Duncan's Multiple
Range Test.
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SR

]
i
3

; RESULTS OF THE TWO-WAY ANOVA

t¥3 2 ANALYSIS OF VARIANCE #++¢14321
TINE :

BY ECH

ALT
R N  E EE F E RN NN NN

SUM OF KEAN SIGNIF
SOURCE OF VARIATION SQUARES OF  SGUARE F OF F
. MAIN EFFECTS 274464.998 4 §8616.247 33.661 .66t
N EcH 18333.284 2 5146.622 2,553 .84 not sig.
ALY 264131.746 2132045.873 45.172 861  significant
: 2-NAY INTERACTIONS 2839.377 4 i09.84 301 877
ECH ALt 2639.3717 4 689.844 301 877 not sig.
EXPLAINED 276964.387 8 34413.046 17.081 .86
RESINUAL 182376.469 98 2026.487

{ TOTAL 459261.835 98 4686.541




TOTAL .

RESULTS OF THE ONE-WAY ANOVA

ANALYSIS OF VARIANCE

SOURCE D.F.
X BETNEEN CROUPS 8
NITHIN CROUFS %

ToTaL %

STAND.

GROUP COUNT MWEAN  DEV.

!

‘ GRP 1 11 1194.88  26.05
2 GRP 2 11 1205.41 39.59
‘ GRP 3 1 1203.81 39.83
CRP 4 11 118543 35.62

P S 11 119787 337
GRP ¢ 11121832 33.41

, GRP 7 11129253 6191
g GRP 8 11 1313.72 44.74
| P 9 11132449 T71.00

99 1237.28

SUN OF <G, HEAN S8. F RATIC F PROB

significant

276964.387 34413.0886 17.831 .08
182376.669 2026.487
459281.036
STAND. 9 PERCENT
ERROR HIN.  MAX. CONF INT FOR HEAN

7.85 1157.41 1222.78 1176.58 10 1211.5t
11.91 1157.49 1279.96 1178.85 10 1231.55
12.81 1156.21 1264.54 1177.86 TQ 1233.57
16.74 1124.77 1252.34 11£1.58 10 1229.37
18.18 1137.88 1234.79 1174.46 TQ 1219.74
10,13 1163.69 12¢9.38 1195.74 10 1249.96
18.67 1179.81 1381.88 12‘0 CLRT] 1334 12
13.49 1242.48 1348, 6 283,46 T0 1343.77
21,41 1262.45 1514.3 1276 79 19 1372.19

1124.77 1514.33
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RESULTS OF THE DUNCAN MULTIPLE RANGE TEST

RULTIPLE RANGZ TEST

DUNCAK PROCEDUSE
RANGES FOR THE .8%8 LEVEL -
2.81 2.9 3.5 3.12 3.18 3.23 3.27 3.38

THE RANGES ABIVE ARE TABULAR VALUES.
THE VALUE ACTUALLY COMPSRED WITH MEAN(J)-MEAR(I) IS..
31.8389 # RANCE # SGRT(I/MI) + 1/NWY)

HOMOGEKEQUS SUBSETS (SUBSETS OF GRQUPS: NHOSE HIGHEST AND LCWEST MEANS DO
NOT DIFFER BY KORE THAN THE SHORTEST SIGNFICANT RANGE FOR A
SUBSET OF THAT SiZE)

SUBSET 1

CROUP GRP &4 GRP 1 GRP S GRP 3 GRP 2 GRP &
MEAN 1165.4333 1194.6858 1197.6492 1203.6124 1285.4133 1218.3162

SUBSET 2

GROUP GRP 7 GRP 8 GRP 9
MEAN 1292.5285 1313.7147 1324.4383

Groups 1-6 = All ECM levels at 250 and 500 feet AGL.
Groups 7-9 = All ECM levels at 1000 feet AGL.

Groups 1-6 have a statistically lower workload than
groups 7-9.




Appendix J

Analysis of Variance Procedure Assumption Tests

This appendix contains the tests made on the data

used in the ANOVA to confirm the applicability of the
procedure. The tests included are:

1. A Runs Test for Independence.

2. A Hartley F-max Test for Constant Variance.

3. A Kolmogorov-Smirnov Test for Normality of
Residuals.
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Test for Independence

A Runs Test (Ref 6:688) was used to confirm the :

independence of the data points used in the ANOVA.

Point Point
Above Below Runs Runs
Data Cell Mean Mean Allowable Observed

1 7 4 2- 7 |
2 6 5 3-10 8 i
3 5 6 3-10 8 %
4 8 3 2- 6 1
5 7 4 2- 6 {
6 6 5 3-10 8
7 8 3 2- 5
8 7 4 2- 5 3
9 5 6 3-10 9 !

Test for Constant Variance

.The Hartley F Max Test (Ref 6:384) was used to
confirm the constant variance. 4
Test statistic (Ref 6:718) for eleven samples,
nine treatments, a = .05.

9.45

Observed value from ANOVA output
8.28
HO: Variance betweeneach cell is constant.

Hl: Variance is not constant between cells.

8.28 < 9.45

Fail to reject HO.
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Test for Normality

The K-S Test was used to evaluate the normality of
the data in each cell. Nine tests were run.

HO: the 11 data points in each cell can be charac-
terized by a normal distribution.
Hl: the 11 data points in each cell cannot be charac-
terized by a normal distribution.

Observed Test
Data Cell Statistic Statistic Result
1 .2284 .3910 Fail to reject
2 .1952 .3910 Fail to reject
3 .1950 , .3910 Fail to reject
4 .1523 .3910 Fail to reject
5 .1985 .3910 Fail to reject
6 .1692 .3910 Fail to reject
7 .1863 .3910 Fail to reject
8 .1408 .3910 Fail to reject
9 .1408 .3910 Fail to reject
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